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| H E Spirit of Diſputing, and an earneſt .Defire to  _ 
obtain the Victory, rather than come at the Truth, 
las been one of the greateſt Impediments to the 
Improvement of natural Knowledge. And nothing 
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= < = {ons annex different Ideas to the ſame Words; for 
Men can never right! ee one another, till they mean 
the fame Things by the ſame Expreſſions. No Diſputes ariſe iin 
pure Mathematics, becauſe the Definitions of the Terms are pre- 
mis'd; and every Body that reads a Propoſition has the lame 
lcdea of every Part of it: So that when any Man is fo. weak as 2 
to think to Rag one Demonſtration in oppoſition to another, 7 
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has not ſtuck to his Definitions, or has not laid down true Pre- 
miſes, or elſe that he has drawn-falſe Concluſions from the Prin- 
ciples he has laid down ; or at leaſt own, that we do not under- 


| ſtand ſome Part of his Demonſtration, and deſire him to explain 


it; for unleſs we can ſhew where the Error or Paralogiſm is, we 


muſt not condemn by the Lump, but acquieſce with him in Wl 


what he has prov'd. 


Ir is true, that in mix'd Mathematics, where we reaſon ma- 
thematically upon Phyſical Subjects, we cannot give ſuch juſt 


Definitions as the Geometricans or, Logicians do : We muſt be 
content with Deſcriptions, and they will be of the fame Uſe as 
Definitions, provided we are ay conſiſtent with our ſelves, 
and always mean the ſame Things by thoſe Terms, that we have 
once explain'd; For to ſay, that others have taken the Words 
we uſe in a different Senſe, can be no valid Objection ; be- 
cauſe it may be anſwer' d, that then they meant not the ſame 


Things as we do. Therefore in this Courſe, when we make 


uſe of ſuch Words, as have been variouſly underſtood, we ſhall 
ſhew the particular Meaning, in which we wou'd have them ta- 
ken: And when we are oblig'd to coin new Terms, as it will 


explain them the firſt Time they are mention'd. 


1. By the Word Matter, we underſtand all that has Extenſion 8 
and Reſiſtance : And becauſe all Bodies, whether ſolid or fluid, 
are extended and do reſiſt, therefore we ſay, that all Bodies 
are made of Matter. | Is „ 
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2. TH E Carteſians wou'd have Matter to conſiſt in Exten- 


ſion alone; but Extenſion without Reſiſtance is nothing but 
mere Space. For tho? they affirm that one cannot have an Idea 
of Extenſion without Body; it is contrary to Experience: 
Since if we take a Cube out of a cubig Box, which it exactly 
filled, we may very eaſily conceive the Length, Breadth, and | 
D 3 of the empty Box; and it muſt be a ſecond Idea, that 
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vill give us a Notion either of ſome other Body coming in to 
fill the Box, or of its Sides coming together by the Preſſure of 
ambient Bodies. : | | N 
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= and Sides of Bodies. 
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tits Definition; tho* the common acceptation of the Word. 
= wou'd give us another Notion ; for in our common Diſcourſe © © 
= we fay, an Inſtrument of Wood, Braſs, or Iron, or of any other 
= Matter, as if the Difference of Bodies conſiſted in their different 

= Kind of Matter: Whereas all Matter is homogeneous, or of the 
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3. Tur Matter is the ſame in all Bodies, is evident from 


ſame Nature in all Bodies, whether ſolid or fluid, hard or ſoft, 
more or leſs heavy; whether they belong to the Earth, or any 
other Part of the Univerſe ; as for-Example, the Matter of Cort: 
does not eſſentially differ from the Matter of Fleſh, or that of 


I Gold or Diamonds, But the whole Variety of Bodies,“ and the * Ang. 2. 


different Changes that happen in them, entirely depend upon 


the Situation, Diftance, Magnitude, Figure, Structure, and Co- 


heſion of the Parts that compound them. 


4. TA Mercury reſiſts more than Water *, and Water more Ann 2. 
than Air, is not owing to the one being of a more reſiſting Mat- 


ter than the other; but to the greater Number of Particles con- 


tain'd in the ſame Space in the head ier Body; and often to the 


ſtronger Coheſion of Parts; and then a lighter may reſiſt more 


than a heavier Body, to a Force impreſs'd to ſeparate its Parts; 
as Wood will reſiſt more than Water, and a Diamond more than 
Gold. But where there is little or no Coheſion of Parts, even in 
the ſubtileſt Fluids, we find a Reſiſtance : For Light condens'd by a 
burning Glaſs, tho' many . thouſand Times rarer than Air, has a 
conſiderable Reſiſtance, as appears from its ſeparating the Parts of 
Bodies, ſo OG, and ſo ſoon, when they are plac'd in the 
is: Nay, and when the Rays of Light are as 
much diſpers'd as they are here on Earth, coming directly from 
the Sun, they have a - ſenſible impelling Force, as appears = ob- 
ſerving, that the Vapour ariſing from a Comet (which makes 
its Tail) is always driven toward that Side of the Comet, which 
is oppoſite to the Sun; and that happens whether the Comet 


be going towards, or coming from the Sun, even at Diſtances e- 


qual to, and greater than that of the Earth. And if there be 

a Medium finer than * Light (as we have Reaſon to believe from“ Ann. 3. 
ſome Phznomena) even that Medium has a Reſiſtance, whereby ̃ 
it refracts, reflects, and bends the Rays oſ Light near the Surfaces 
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5. Tua Quantity, and conſequently Matter, is divided in 
Ann. 3. Infinitum , has been ſeveral Ways demonſtrated by Mathemati- 
5 cians; and one cannot conceive a Particle of Matter ever ſo 
ſmall, but what is till diviſible; for ſince it is a Body, it muſt 
have a Top, a Bottom, and a Middle, unleſs we ſuppoſe the Top 
and Bottom to be the ſame, which is abſurd ; and if ſo, we may Wl 
conceive ſuch a ſmall Particle to be divided in the Middle. But 
then we are not by ſuch a Diviſion to imagine the Parts to be 
ſeparated from each other, any more than (when we divide | 
cubic Space of two Inches into eight cubic Spaces of an Inch,) 
thoſe new Cubes are to be ſuppos'd remov'd from each other, 
or taken out of the two Inch Cube which contains them. * 
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Ann. . 6. As to the actual Diviſion of Matter * by ſeparating the 
Parts from each other, it is not poſſible beyond a certain Degree; 
becauſe there are Atomes, or extremely {mall Parts, which are. 
call'd the conſtituent or component Parts of natural Bodies, 
which the Wiſe and Almighty Author of Nature did at firſt create 
as the original Particles of Matter, from which all corporeal Na- 
tures were to ariſe, that are without Pores, ſolid, firm, and im- 
penetrable perfectly, paſſive, and moveable: So that the utmoſt 
echanical Diviſion, that we can arrive at, does only ſeparate 
fome of theſe firſt Parts from one another, and alter their Con- 
tact; for mix'd and compounded Bodies are deftroy'd by ſuch a 
Separation, and not by breaking the a r Particles to Pieces. 
Theſe primary Particles being perfectly ſolid, muſt be much more 
hard and firm than any Bodies that can be made out of them 
with Pores or hidden Vacuities interſpers'd, that is, ſo perfectly 
hard and firm, that they can never be worn away or diminſh'd: 
For tis not reaſonable to ſuppoſe that there ſhould be any Force 
or Power in the ordinary Courſe of Nature, that can divide that 
into ſeveral Parts, which God in his firſt Creation of Things has 
made One. As 'ong therefore as the original Particles remain 
entire, there may for ever be Bodies made or compos'd of them, 
Which ſhall have the fame Nature and Texture: But if theſe 
could be broken, worn away-or diminiſhed; then the Nature of 
corporeal Things, which is dependent on theſe, might be chang- 
ed. Earth and Water compos'd of either ſuch Particles as have 
been worn or broken, or of their Fragments, could not have, 
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It this Day, the fame Nature and Texture, as that original Lect. I. 


Earth and Water, which was compos'd of theſe Particles when 
hey were ſound and entire. Wherefore that the Nature of 
Things ſhould laſt, and their natural Courſe continue the fame jo ” 
Uthe Changes made in Bodies muſt ariſe only from the 'various 
eparations, new ConjunQtions and Motions of theſe original Se, 
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7. Tres, muſt be imagin'd'of an unconceivable ſmallneſs *; x Ann. 62 
ut by the Union of ſeveral of them together, there are made 
igger Lumps or Parts of the firſt Compoſition (as they are 
= Ki d) which have Interſtices between them, becauſe the firſt 

Farticles do not touch in every Part of their Surface; and thoſe 
Wnterſtices are calld the Pores of the firſt Compoſition. Like- 
iſe by the uniting of ſeveral of theſe Lumps there are form'd 
Molecule, or Lumps of the ſecond Compoſition, Which have © to Lo 
WP ores of the ſecond Compoſition, larger than the former: And __ 
o on to the ſeveral Compoſitions before we come to Bodies of a | 2 
enſible Magnitude. Hence it follows, that there muſt be a great 1 
Heal of Vacuity * interſpers'd in all Bodies, according as they are Ann. 72 
made up of fewer or more Compoſitions ; and all Spaces are not 
WEqually full of Matter *. This will be plainly ſhewed* by an Ex-“ Ann, 8. 
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8. Ur on B the Braſs Plate of the Air- pump (which we ſhall 
eereaſter deſcribe) ſet a tall Cylindric Glaſs- receiver A B open at 
poth Ends of about five Inches Diameter and ſeven or eight 
Foot high. Let it be made Air-tight by Means of a wet 
Leather upon the the Plate B, and another upon the Mouth 
f the Receiver A under the Covering Plate D, to which 
Plate. underneath is ſcrew'd the Machine Pops contriv'd for 
etting fall Bodies in Vacuo at the fame Inſtant of Time. 
For when the Wire W (which flips to and fro thro? the 
Collar of oil'd Leathers , that the Air may no way eſcape): 
& drawn up by its Hook h, the ſquare horizontal Plate p- 
Peing brought up to a narrow Part of the Brafs Springs , #- 
Hauſes them to open ſo as to let the Plate P oving on an 
nge) fall into a vertical Poſition; upon which the Bodies a 
bat were laid on it drop at the fame Moment. TER. 


's © A Conſoof Experimental Philoſophy. = 


Led. IL, TxEN upon the ſquare Plate P lay a Down Feather, and 
a Guinea juſt by the Side of it, (See Fig. 2. where the Plate 
5 . P is in an horizontal Situation, as it reſts on the Return of 


=—_ when on the Receiver) and having exhauſted the Air from the 
T1 ls Receiver; by pulling up the Wire 0 let the Guinea and Fea-f 
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= Se of the Springs 4, and the Collar c is ſeparated from the Wl 
=_ covering Plate and Springs, thro? both which it muſt be ſerew'd, i 


0 ther drop, which falling both with the ſame Velocity (as at Wi 
1 | C) will come to the Bottom at the ſame Time: But if the 


Air had not been exhauſted, the Guinea would have been at 


Bottom before the Feather had fall'n a quarter of the Height : 


of the Receiver. 


00 


fore, wou 


9. BETORE the Air was drawn out of the Receiver, if it 

lad been perfectly full (tho? then there was much more Vacu - 
Ann. 9. um * than Matter) yet it is evident, that there muſt be a great 
deal of Vacuity in it, after the Air is pump'd out; becauſe 

the , Reſiſtance is ſo far diminiſh'd, that the Feather falls at 


4 
| 


into Froth (ſo as to reach from the Bottom to the Top of the 


Receive 


ter, which tho' not eſſential, is yet univerſal, and in one Senſe 
inſeparable ſrom it; that is, all Parcels of Matter, however modi- 
fied, (or all Bodies) have a Gravitation or Attraction towards one 
another; as will be hereafter demonſtrated in Reſpect of heaven- 
157 as well as terreſtrial Bodies: The Tendency of heavy Bo- 
des towards the Center of the Earth, being owing: to the 


ſame Cauſe, that makes the Sun and Planets tend towards one 
another; NB. When we uſe the Words Gravity, Gravitation, 
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or Attraction; we have @ Regard not to the Cauſe, but to th 
Effect, namely to that Force, which Bodies haue when they ar- 
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Accu of Experimental Prin. 5. 


carried towards each other, which (at equal diſtances is al. Lect. I. 
vays proportionable to their Quantity of M alter; whether i 
he occaſron'd by the Impulſion of any ſubtile Fluid, or by any 
Lnknown and unmechanical Power concomitant to all Matter. 


1. Ir all the Matter in the Univerſe was contain'd in two 
equal Balls or Spheres, plac'd at ſome Diſtance from each oo  # 
ther; theſe Spheres wou'd move towards one another with e- 

BS qual Velocity, ſo as to meet in the middle of their firſt Di- 
ſtance. But if the Spheres be ſuppos'd unequal in any Pro- 
portion; they wou'd meet in a Point as much nearer the great 
Ball, as the great Ball wou'd be bigger than the other.. 


12. THz Reaſon why we do not perceive this mutual At- 
traction in ſuch Bodies as we daily handle, is, that our Earth, 
having infinitely more Matter than thoſe Bodies, attracts them 
ſo ſtrongly as to make their mutual Tendency towards each o- 
ther inſenſible. So it happens in reſpect of a Load-Stone and a 
Piece of Iron; which when let fall at a little Diſtance from one 
another, do not appear to move towards each other; tho' we: 
di find their Effect ſenſible when brought near together.. 
= THis will be illuſtrated by the following Experiment. 


Ex ERIM ENT 2. Plate 1. Fig. 3. 


= Urox the Table TAB ſet the two Balls A, B, equal 
in Bigneſs and Weight, (for Ex. of two Ounces each) at the 
Diſtance of a Foot from the Hole C, and two Foot from 
each other. Now if the Earth was annihilated, or was re- 
mov'd to an infinite Diſtance, and the Table did not attract, 
he two Balls wou'd come to each other and meet at C; but 
WGravity, or the Attraction of the Earth, preſſing them againſt 
the Table, they remain at reſt; but to overcome that Preſ-- 
lure, and make them act as if the Earth was away, let 
String of about 30 Inches long be tied to the Ball A, 
then brought thro” the ſmooth Hole in the Table C, then 7 
round the Pulley under the Table, and ſo up again thro” ä 
he Hole C, and at laſt faſten'd to the Ball B. Let the Weight . 
F. of four Ounces hang from the Center of the Pulley DB: 
Then if you let go both the Balls. at the 8 
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Leck. I. will come to each other equally faſt and meet juſt over the 
a, 1 F 


13. Is inſtead of the Ball A, you ſubſtitute another, Which 
weighs but one Ounce (whether it be leſs than the other, or as 
big, but hollow, or of light Wood) and this Ball A be let 

go from the Diſtance of one Foot, and the heavier Ball B from 

the Diſtance of fix Inches from the Hole (hanging three Ounce 
at the Pulley) they will both meet again at the Hole, the 
lighteſt Ball going thro? twice the Space that the other does 


three Ounces, being divided into Iwo, does on one Side cauſe 
2 Ball of two Ounces to move towards C, and on the o- 

ther a Ball of one Ounce to move towards the other, which laſt 
moves twice as faſt, becauſe it has but half the Quantity of Mat- 
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ter, weighing but half. 333 CüWo 
4 Ann, to. NB. Any Weight may hang to the Pulley, * provided it be not 
too light; becauſe it only ſerves to overcome that Gravity, which 
3 the Balli againſi the Table, hinders them from moving to. 

wards each other 5 as they wou'd do, if the Earth did nat ei, 

on was remov'd to an infinite Diſtance. _ \ 


46 T0 the Ball B be ſuppos'd infinitely greater than the Ball A, 1 
e Velocity of the Ball A will then become infinitely greater 


than that of the Ball B, ſo that B will ſtand ſtill and A move 
thro' the whole Diſtance between A and B; the whole Quantity 
of Matter belonging to both, being now wholly attributed to pl Z 

alone, and A looked upon as a Point without any ſenſible Quan 
tity of Matter, and conſequently unable to move the Ball B b 
its Attraction. This is applicable to the Earth and all the Bo- 
dies about it, which in reſpect of them is look'd upon as im- 

moveable, whulft they, as ſo many phyſical Points, move in the i 
Lines deſerib d by their Centers of Gravity, as they 2 hr — 
1 1 | 3 . - Ground 
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Ground, without having any Regard to the Quantity of Mat- Lect. I. 
ter, which they contain, whereby they attract the Earth towards 
them. Thus alſo ſince the Sun contains almoſt 230000 Times 
more Matter than the Earth, this laſt is look'd upon as a Point 
W deſcribing an Ellipſis about the Sun, call'd the Magnus Orbis, 

| whilſt the Sun, that attracts the Earth, is conſider'd as immove- 
able in one of the Foci of that Ellipſis: Or rather the Moon and 
Farth together may be confider'd as reduc'd to one Point, which 

is their common Center of Gravity, and which deſcribes the Or- 
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1. Tu Earth in reſpect of the Bodies about it, and the Sun 
in reſpect of the Planets and Comets, and all the Planets in re- 
" ſpect to the Satellites and other circumambient Bodies, do exert 

BS 2 greater or lefſer Force of Attraction, according as the Bodies | 
are nearer or farther off; for Gravity, * being a Virtue diffus'd* Ann. 11; 
from an attracting Body every Way in 125 Lines, decreaſes | 
in the ſame Manner as all other Virtues propagated from a Cen- 
ter round about. So Light and Heat become weaker, as we re- 
cede from the lucid or hot Body. This Decreaſe of Virtue is 
in a reciprocal duplicate Proportion of the Diſtance; that is, at 
twice the Diſtance, the Virtue is four Times weaker, and at three 
Times the Diſtance, nine Times weaker, Sc. Thus for Exam- 
ple, if the Earth was three Times farther from the Sun, it would 
be nine Times leſs: attracted, nine Times leſs enlightn'd, and 
nine Times leſs heated than it is at preſent: In like manner; if it 
vas four Times farther, it would be ſixteen Times leſs affected 
by thoſe Qualities. So on the contrary, if it was three or four 
Times nearer than it is now, it wou'd be nine or ſixteen Times 
more uff At.... 3 re nthy nor igh VF 
== TH1s Proportion of Increaſe or Decreaſe of Qualities diffus'd 
every Way, may be illuſtrated by the following 


y 
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5 EXPERIMENT 3. Plate 1. Fig. 4. 5 . 
| 18. Tax E a Candle, ſo ſmall that its Rays, that are diffusd . 
every Way, may proceed as it were from one Point (for if the © * 
Candle be large, its Light muſt be made to paſs thro? a ſmall 


el Hole in a Paſtboard) and if a Cube of an Inch, as A, be held“ Ann. 12: 
up upon a Needle, at the Diſtance of one Foot from the Can- 
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A ue Experimemal Philoſophy. » _ 


Lect I. dle, its Shadow will cover the Surface of a two Inch Cube B 


A >> held at the Diſtance of two Foot from the Candle, which laſt 


Surface is four Times larger than that of the firſt Cube, as ap- 
pears by applying the firſ Cube upon the laſt. Hereby it is e- 
vident, that if the firſt Cube was twice as far from the Candle 


it would receive but the 4th Part of the Light; and but the th 


Part, if it was three Times as far; becauſe when held at one 


For from the Candle, its Shadow will cover a three Inch 


Cube held three Times as far. In the fame Manner will a 


Sphere of an Inch Diameter at one Foot from the Candle in- 
tercept all the Light, which wou'd fall upon a two Inch Sphere 
at two Foot, or a three Inch Sphere at three Foot from the | 
Candle, their 
the Squares of their Diameters. 


their Surfaces being as 1, 4 and 9, proportionable to | 


19. As it is eaſier to raiſe moſt Bodies from the Ground than | 


to break them in Pieces; that Force by which its Parts cohere, is 
ſtronger than its Gravity. That Force, whatever be its Cauſe, Wn 
we {hall call the Attraction of Coheſion. This Attraction is 


| ſtrongeſt, when the Parts of the Bodies touch one another; 


but decreaſes. much faſter. than Gravity, when the Parts that 


were before in contact, ceaſe to touch; and when they come to 


be at any ſenſible Diſtance, this Attraction of Coheſion becomes 


almoſt inſenſible. 


IuIsõ Attraction is always the ſtrongeſt, where the Contact 5. 
is the greateſt. As for Example, two Boards of Fir or Oak, be- 


ing glued in the Middle along the Grain, are not ſo eaſily broken 
aſunder in the glued Place, as any where elſe ; becauſe ⁶ 
there are more Pores, and conſequently fewer touching Parts, a- 
long the Wood any where elſe, than where the Glue is; for when a 


Joint is ſhot (as the Workmen call it) or the two Pieces of Wood 
made ſmooth, in order to join them, the Glue which is ſpread on 


Ann. 13. 


n 
. 


the Pieces fills the Pores; and cauſes the Wood not only to touch 
where it did before, but even in the Interſtices where it did not 
touch; becauſe thoſe little Spaces are fill'd with Glue, that ſupplies 
the Place of Wood. On the contrary, when the Wood is more ſo- 
lid, * or has fewer Pores than the Glue, it does not hold ſo faſt 
where it is glued, as in the other Parts of the Wood; which may 


be ſeen in Brazil- wood, Ebony, or Lignum-vitz, and in Metals. | 


The Parts of Glaſs, which are almoſt round, touching but in a few 
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points, are caſily ſeparated, and therefore it breaks eaſily: Arid Lect. I. 
Fluids (whoſe Parts ſeem to be Spherical) have ſcarce any Co 
heſion, except ſo much as ſerves to make Drops, whoſe Roundneſs 1 
plainly proves an Attraction of Coheſion: For if this Roundneſs 
depended upon the Preſſure of the Air, the Drops wou'd not be 
round in Vacuo; and if it depended upon the external Preſ- 
ſure of any other Fluid whatever, two Drops cou'd never unite 
into one ; becauſe the Figure of any Portion of a Fluid * preſs'd = Ann. 14. 
every Way, by the ſame of any other Fluid, cannot be alter'd by 
that Preſſure; whereas from a mutual Attraction of the little 
=X Globules * that compoſe the Drop, it muſt become round; and it * Ann. 13. 
will continue ſo, becauſe then there will be the greateſt Contact 
poſſible between all the Parts. A Drop of Water, or any o- 
ther Liquor, does indeed become flat where it touches a Table, 
or any plane e that does not repel it; but this is owing to 
the Attraction of the Table, and to the Gravity of the Drop, if 
the Table be hor iron... yo gra on 19 
| How ſuch an Encreaſe of Contact increaſes this Attraction, 
is more evident by the following 1 N 


* 


- "ExynRIMENT 4. Pe 1 Fig. J. 

20. HAVING moiſten'd or thinly ſmear'd over with Oil of 
Oranges * two Glaſs Planes A B C'D, (18 Inches long, and three, Ann. 16 
or four Inches broad) lay them upon one another in an horizon- 
cal Poſition in the wooden Frame H I L M, having firſt put a 
Prop of the ſame Oil upon the undermoſt Plane at G, and laid 

Ja thin Plate or Piece of Money upon the faid Plane, between 

DC, to hinder the upper Plane from touching it at that End 
[whilſt their other Ends A B are in cloſe Contact. The Drop 
being large enough to reach the upper Plane, will immediately 

be flatten d and move on towards the touching Ends, continu- 

ally increaſing its Diameter, as at Q and R, and likewiſe mov- 

ung faſter as it ſpreads. Nay tho? the Planes be rais'd up at 

their touching Ends by means of the Prop O N, the Drop will 
Kontinue to advance towards the * Ends, but not ſo 

aſt. When the Drop is at G, a ſmall Elevation of the Planes 

will retard it; if they be rais d a little higher, it will ſtop; if 

till ue the Gravity of the Drop will act more ſtrongly 
han the Attraction of the — and make the Drop — — 

E | e down- 
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as the Planes come nearer and nearer. nr. 
 SxvxRAL other Circumſtances of the Attraction of Coheſ- 
on are ſhewn by the following Experiments. RS 


EXPERIMENT 5. Plate 1. Fog 6. 


21. Having fixd into a piece of Wood or Cork C C, 
ſeveral little Glaſs Tubes, the Diameters of whoſe Bores are 
leſs than one another, (the biggeſt: being about + of an Inch) | 
let the Ends of thoſe Tubes be dipp'd into any ting'd Liquor 
that will adhere to Glaſs, as red Water; and the Liquor will | 
ſpontaneouſly riſe in all of them, but always higheſt in thoſe | 
whoſe Diameter is leaſt; as appears at 1, 2, 3, 4, 5, when | 
they are dipp'd in the red Water of the Veſlel KAB. 
Ix very ſmall capillary Tubes, the Liquor will riſe very high, 

but then the Colour will be imperceptible; But to * the 

riſing Liquor viſible in that caſe, the Tube may be applied 
to ones Finger after it is prick d ſo as to make a drop of Blood 
iſſue out, which will riſe very quick and be viſible tho' the 
Tube be as ſmall as an Hair. See Plate 2. Fig. I. 

Axx porous Body will have the Effect of capillary Tubes; 
thus Water will riſe up into a piece of Bread, or into 2 
piece of Loaf Sugar whoſe lower end is dipp'd into the Li- 
quor; but it will riſe much 2 into Loaf Sugar, becauſe 
its Interſtices are ſmaller than thoſe of the Bread... | 
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 ExPERIMENT. 6. Plate 2, Fig. 2. 


Far two ſquare Planes of Glaſs A B CD and having 
Hoiſten'd them with Water, ſet them upright in a Veſſel of 
the fame Water, preſſing the Sides together at A B, but keep- - 
bs the oppoſite Sides D C aſunder by putting a thin Plate 
tween them. The Water will riſe between the Planes in 
he Curve eg, where it is to be obſerv'd that the Fluid 
ways goes higheſt where the Planes are neareſt, namely to- 
Wards A B, juſt as it happens in the ſmall Glaſs Tubes. 
Tur none of theſe Phenomena ariſe from the Preſſure of 
e Air, is evident by making the Experiments in Facuo ; which. 
Way be calily perform'd by means of the Wire w {Plate 1. 
g. 2.) which can move up and down thro' its Collar: of 
Leathers without admitting the external Air into the Recei- 
er, as it riſes or depreſſes the Planes or the Tubes faſten'd- 
10 Pg The whole Apparatus for this will be hereafter deſ- 


, 


EXPERIMENT. 7. Plate 2. Fig. 3. 

23. In a clean Glaſs that is not full, Liquors will be higher 
It AB where they touch the Glaſs than in the middle C; 
ut that Elevation is hardly ſenſible but near the Sides, be- 
auſe the Attraction of Coheſion reaches but a little way. 
ickſilver does the reverſe in this caſe; and in ſmall Tubes 
t does not rife ſo high as the Surface of the reſt of the Quick - 
ulver in the Veſſel in which the Tubes are held. The Reaſon 
f theſe Phcenomena is, that Water is attracted by Glaſs * Ann. 18; 
ore than it is attracted by it ſelf; and that on the contra- 
„ Quickſilver attracts Quickſilver more than Glaſs attracts it. Ann. 19. 


 ExPERIMENT &, Plate 2. Fig. 4. 


lar AB be a N Glaſs Veſſel filld up to the 
ine AB with Quickſilver, whoſe Surface is loweſt at A and 
the Sides of the Glaſs, where it riſes with a Convexity. . 
fan open Tube of a ſmall bore D E be preſs d againſt the 
ide of the Glaſs. (to render the Ex periment vilible) its Ja | 


Lect. L Orifice Botto | 
WAY WL will riſe in the faid Tube no higher than F below the Sur. 


of © Quickſilver, and a circular part of the Bottom as C C 


ger preſs d on the upper Orifice D,) be put into the Veſſel, whoſe 3 
bottom is a little convex, below the Surface of the Mercury as 


Tube will fall below E, and then riſe above it, and after ſome Vi- 


but if without any ſhake you continue to pour on more Mer- 


the Bottom thro? the Mercury, will, When taken away, leave 
a Pit as before, the Mercury there remaining convex at the 
Pit left, lay a piece of Iron Wire C C about two or three 


than it does the Tron; ſo in the caſe of Fig. 5. it was leſs 
attracted by the Glaſs than by it ſelf, and therefore made the 


of Exßerimental Fhuloſophy. = 


ing almoſt at the Bottom of the Glaſs, the Mercury 


face A B of the Mercury in the Veſſel. But to avoid all BW 
Cavils about ſomething in the Tube that might be ſupposd BE 
to ſtop the Mercury, let the Experiment be made in this Manner: 
Let the Tube being quite full of Mercury, (and kept ſo by the Fin- 


low as E; upon the removal of the Finger, the Mercury in the 
brations ſettle at F, the Point to which it roſe before. 
EXPERIMENT 9. Plate 2. Fig. 5. 


24. IN ro the Cylindrick Glaſs Jar A B of about 3 Inches 
Diameter and 1 +5 Inch deep pour gently about one Pound 


will remain uncover'd ; then if you ſhake the Jar to make the 
Quickſilver come together, the whole Bottom will be cover'd; 


cury you may put in a Pound or two more before the Bottom 
be quite cover'd, the Pit C C becoming continually leſs, but 
deeper; and if then you bring the —_— together to cover 
the bottom and deſtroy. the Pit; a Finger being preſs d againſt 


Sides of the Pit; as appears in the vertical Section of the f 

Glaſs and Quickſilver in the lower Figure 5. Plate 5 5 
25. HAvrxe put in fill more Mercury 'til there be no If 

Inches long and ;+ of an Inch thick upon the Surface of the Mer- ; 


cury, where it will fwim making a dent on both Sides as at Wi 
D; which happens becauſe the Mercury attracts itſelf more IM 


Pit; but when once the Sides of the mercurial Pit C C 
were brought to touch, they never parted again of themſelves. 
e Ss 0 55 „ Ex- 
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= 26. Ir n repreſents the Surface of the Mercury, and the 
wire which ſwam at the Top be preſs'd down to the Bottom, 
= (where D repreſents its tranſverſe Section,) the Wedges of Mer- 
= cury 4, that go under the Wire fo as very nearly to meet 
at c, will not remain in their places, but by the reſt of the- 
Mercury they will be attracted towards 4, d, ſo as to leave 
the Spaces 4c without any Mercury; as appears in the Sec- 
tion of the Glaſs, Wire, and Mercury, Fig. 8. And that 


ExPERIMENT II. Plate 2. JJ 


it is fo in fact, appears by looking at the under ſide of 
the Glaſs in the upper Fig. 8. where the Wire or Wires. 


1 (if there be more than one) become viſible thro' the Bottom 


Hof the Glaſs, which cou'd not be unleſs the Mercury went 
away from under them; becauſe a Cylinder can touch a Plane. 
but in an inviſible Line: And as a farther Proof of this; the 
=s Wires, tho' ſpecifically lighter than Mercury, remain at bot- 
tom, as being preſs'd only downwards by the Arch of Mer- 
cury over them; which cou'd not happen if the Mercury cou'd 
ol inflauate” it folf arider; e 


3 of the ſame bigneſs as the Iron one, when it is laid at top, 
the Mercury will riſe up round it as at @ 4, Fig. 9. and 


. 
— 


2. Now if the Experiment be made with a Silver Wire 


this Wire will not remain at the Bottom of the Glaſs tho? 


| 5 1 6 
Le. I. 


be ſolder d perfectly tight; and in Lead, after the Parts that are : 
” de wad 
Chalk, and then with Mallows or any Green-Herb, ſo as to 


is, at twice the Diſtance it acts 16 times more weakly, and 
at 3 times the Diſtance 81 times more weakly, Sc. For it be- 
comes inſenſible at the leaſt ſenſible Diſtance. ': ) -'. © 


ww Ann. 20, 


of the Lead that are to be join'd, that the Solder may come 


hot out of a Ladle, then ſpread with an Iron, it faſtens ſtrong- 


Skin over the part of the Lead that has been clean'd, and therefore | 
Greaſe or Tallow is commonly rubb'd on after ſcraping; for the 


than a Plate of Air, or what ſeparates from the Air to ſtick to the Li 
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Solder. For if theſe Metals be not well clean'd; they can never 


have been made foul by rubbing them over with 
make a thin Skin; the Work-Man ſcrapes clean the two Edges 
cloſe enough to the Metal; and when the Solder is pour'd on 


ly where the Metal was clean'd, but does not at all ftick where i 
e Skin remains that was made by the Chalk and Juice of the Mal. 
lows. It has been obſerv'd that the Air alone will foul or make a 


Parts of any fat or inflammable Subſtances being much tiner'than | 
thoſe of Air, willallow the Solder to come much cloſer to the Lead 
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29. IN what Proportion of the Diſtance. this Attraction of 
Coheſion encreaſes or decreaſes is not yet fully known; but 
from ſome Phznomena, we have Reaſon to believe that it 
decreaſes in a biquadratic Ratio of the enereas d Diſt hat 


2.5. ke 


£ g 


30. Tarn is in Nature another ſort of Attraction not fo ſtrong 


as the Attraction of Coheſion, but ſtronger than Gravity; whole 4 
Proportion of Decreaſe, in the Removal of Bodies Attracting, is 


nearly as the Cube and a quarter of the encreas'd Diſtance; * i 


And this is the Magnetical Attraction. As for Example, if a 


of 2a touch'd Needle, wall repel the other. 


traction will be 33+ times weaker. But as Magnetiſm is a} 
particular Virtue that affects only. Load-ſtones and Iron and | 
Xcel, we {hall refer a fuller Account of it to another Place; 
_ becauſe we are now only conſidering general Properties of Bo- 
dies. We ſhall only obſerve, that the Load-ſtone repels as well 
as attracts; for that Pole of the Stone, which attracts one End 


Loadſtone attracts a piece of Iron with a certain Force. at 2 
given Diſtance; at twice the Diſtance, the Attraction will be 
10 Times weaker: And at three Times the Diſtance, the At- 


31. THERE 
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is given to the Am 


TERA 


31. TAE 2 » are ſeveral other Ba In Nature of a repellent 


Power in Bodies &; and very often the ſame Bodies that attract „ Abhst“ 2% 


one another at certain Diſtances, and under ſome Circumſtances, 
do repel one another at Ullicrene'D IR, and under « er L. g 


oft 


| 1 
: 1 wy F 


cumſtances. Fr 5 1111 

Tars may be how öpon the: Diſſolution of Salts” in n Water. 
That the Parts of the Salts attract one another, appears from 
uniting into hard Lumps when the Water is evaporated, ſo that 
the Particles come ſo near to each other, as to be within the Pow- 
er of the Attraction. That they repel one another at farther Di- 
ſtances, appears from the regular Figures into which they coa- 
leſce, when by the Evaporation of part of the Fluid in whic ithey 
float, they are brought within each others Sphere of Attraction; 
theſe regular Figures dependin ng entirely upon the Equality of their 
Diſtances one from another before this Evaporation, and this —_ 
ry of Diſtance being owing-to an Equality of — — Tote. 

32. A repelling Force is alſo prov'd by the Production of Air 
and Vapours; for thoſe Particles which are ſorc'd out of Bodies 
by Heatand Fermentation, as ſoon as they are out of the Sphere of 
Attraction of the Bodies, do immediately recede from them, and 
from one another with Fi great Force, and avoid coming together 
again; ſo as ſometimes to take up above a Million of Times ine 
Space, which icy: did before in a denſe „„ 
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| derable Diſtance, is evident in ſeveral electrical Experiments, 


x. you rub © Piece of Amber with à dry Hand or a woollen 


Cloth, it will put into motion Threads, Feathers and light Bo- 


dies, attracting and repelling them at a Diſtance: And therefore the 
Name of Elellricity has been given to that attracting and repelling 
Force which Ana - IP other Body by the ſame Fridion as 
Wax, Rofin, Sulphur, Silks, Paper, 
Ribbons, Hair, and Fcarhdrs) and ſeveral other, Baie Rau Vin 
Property : But Ghfs kgs! it more can — nt i th ee 
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on EXPERIMENT 12. Plate 2. Fig. 106. 

34. Tax; a Glaſs. Tube of about 14 Inch Diameter, and rub-- | 
bing it from one End to the other with a dry Hand pretty briskly,. 3 
it will attra& a Feather, or any light Body, at a conſiderable Di- 
ſtance, from one to eight or ten Feet. Aſter a Feather has been 


attracted and ftuck to the Tube for ſome time, it Will fly off of | 


Lo 


it ſelf, and never come to the Tube again (which conſtant EDO: 1 
the Feather in the Air, whenever it is brought near it) till it has 
touch'd ſome other Body; as a Finger or a Stick. And if the 
Einger be held pretty near the Tube, the Feather will alternately 
fly from the Finger to the Tube, always ſtretching out its Fibres. 
the way that it is going, and that before it comes off from the 
Finger or the Tube. In driving the Feather about the Room with: Wl 
the Tube, it muſt now and then be rubb'd afreſh to excite the Ele-. 
Fricity, which: continually grows. weaker, after the Friction is. i 
Der. ” = 
 ExPERIMENT. 13. Plate 2. Fig. 11. 4 
35. Ir ſeveral little Pieces of Leaf: gold; or Leaf: braſs be laid 
upon a ſtand or ſmall Table, and the rubb'd Tube be held over 
them at the Diſtance of a Foot or two; the Pieces of Leaf- gold 
will move from the Table to the Tube with great Swiftneſs: And 
often by the Attraction and Repulſion they will move backwards 
and forwards without touching eit lier the Tube or the Table. 
But if two Books, or two Pieces of Wood of the ſame Size be ſet 
up on End on the Table en each ſide of the Leaf-gold, as at 
A, B; (Plate 2. Fig. 12.) ſo that their Diſtance AB be equal to 
the Height of one of them: Then the Tube being held | between 
their Tops, as at D, will have no Power to move the Leaf - gold, 
tho? the Diſtance from the Leaf - gold be but ſix Inches, when 
the Tube juſt before attracted the Leaf - gold at a Foot or two; but 


if the Pieces of Wood be remov'd, without giving the Tube a ne, 
Eriction, it will attract and repel the Leaf- gold as before. When the 
Pieces of Wood are not remov'd, the Tube will not put the Leaf. 
gold in Motion, till the Diſtance D C from the Tube to the Gold 
* leſs than half the Diſtance A B of the Pieces of Wood: As if 
this Effect could not be produc'd while the Sphere of Attraction 
: ; FF i reprelen- 
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= | 36. T, o know when the Tube is ſufficiently rubb'd to Sake 
WE Experiments with it, you muſt move your Fingers ends nimbly 
by the Tube, as if you went to ſtrike it in a Direction perpendicu- 
WE lr to it's Axis, but the Fingers need not come nearer than a quar- 
ter of an Inch from the Tube: Then the EMuvia or fine Parts that 
fly from the Tube will ſnap againſt the Finger, or (beating back 
from it) againſt the Tube, ſo as to be heard with a Noiſe like 
the crackling of a green Leaf in the Fire; but not fo loud. 
Acco DIN to the State of the Air, the Tube requires more 
or leſs rubbing. In Weather that is hot and moiſt, the Tube 6 
= quires a great deal of Friction before it will ſnap, and attract and | .- 
ws repel the moſt ſtrongly ; and then at beſt it's Virtue will diffuſe ä 
it ſelf but a little Way: So that the ſame Tube, which in dry cold = 
Weather gave Motion to the Fibres of a Feather at the Diſtance of — = 
HE <ight or ten Feet, will ſcarce act ſenſibly at the Diſtance of rwo 
- Feet when it rains in Winter. 
SE HI the Tube be warm'd at the Fire without rubbing, it will 
F | tive no Effect: It's Electricity will alſo be leſs if you rub the 
FTabe long enough to make it very warm; and then You muſt let 
it cool before you uſe it a . 8 
= Tr is not Raf to ſet the Tube or any Claß to be cubb'd before ER 
ble Fire to dry it before you uſe it, e if it be 2 1 1 7 ä 
1 wee it is not much h ated. 1 "74 


| Ir is end fit if 10 Tube "A rib i in oc WY EP,” 
b the EEffluvn wil appear lucid; and when it is made to ſnap (as in 4 
che 13th Ag. of Plate 2.) there appears a Light upon the Fi ingers 
T Ends, as at A; and ifa little Bruſh be held near the Tube, as at B; #: wal 
= or drawn along i it without touching, juſt after it is rubb'd, Sparks EE 
of Light like Stars will appear upon every Hair of the Bruſh; —_—_ 
| | | the ſame part of the Tube will not ſnap or give Light twice toge- 

ber in the tame Place 22 without a new Prion. ee, e Annot 8 
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if the Tube be rubb*d within a Foot or two of the Receiver, the 
Feather in the Receiver will likewiſe follow the Motion of the 


of the Receiver, the Fibres of the Feather will be alternately e- 
of chem. 


4480. Just after the Receiver has been rubb'd, if you blow to- 
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Ix the rubb'd Tube be brought near a Down Feather tied to 
the upper part of a little Stick ſtanding upon a Foot; the Feather 
will ſtretch out its Fibres towards the Tube; but upon the Ap- 
roach: of a Finger between the Tube and Feather; they will 
e repell'd by the Finger; tho” they will be again attracted by it 
as ſoon as the Tube is remov'd; and then the Fibres will turn 
taken away 6G et E 5 CCC 
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39. Ir you ſet a Glaſs Receiver, about five Inches wide, and 

twenty Inches high, over the Stick and Feather, having firſt dried 
the Receiver at the Fire or in the Sun; upon rubbing the ar — 
with one or bath Hands from Top to Bottom, the Feather: will 
ſtretch its-Fibres every way like the Radii of a Sphere, when the 
Hand is remov d from the Receiver. But if whilſt you rub. the Re- 
ceiver, or after rubbing, you only move the Hand upwards and 
downwards, the Fibres of the Feather will (notwithftanding the 
Inter poſition of the Glaſs) follow the Motion of the Hand: And 


Hand rubbing the Tube. When the Tube has its Electricity ex: 
cited by Friction, if it be brought near the outſide of the. Re- 
celver, the Feather will ſtretch its Fibres towards the Tube; and 
upon the Removal of the Tube turn back to the Stick; though 
ſometimes this laſt Phænomenon will happen at the approach of 
the 1 ube, and the Fibres will ſtretch out again when the Tube 
is taken away : Nay, ſometimes there ſeem to be Fits of Attra- 
Aion and Repulſion; for whilſt the Tube is held near the out-ſide 


tended and contracted, without any new Friction given to either 


ES 40 2 „„ 


1 Shes " 


0 Va 


wards the Feather, (See the 15th Fig. Plate 2.) its Fibres will 
fly. bop the Blaſt; and they will allo fly from an Hand mov*d 
EE 8 briskly 


| F Experimental | 9 
Wriskly towards the Glaſs, yet. ſo. as not to touch it; but the Ex- Lect. I. 1 
Periment will not do twice without rubbing the Receiver a-news .. 


41. Mosr. of theſe Experiments, if not all, will ſucceed even Y EE 
when the Air has been pump'd out of the Receiver: Only theres 3 
will be this difference, upon rubbing it in Yacuo, that the Light . 

excited will be of a Purple Colour, in a much greater Quantity, 5 ths 
and all within the Glaſs: And wheres Bodies would be attrafted ä 
before, when held near the outſide, of the Glaſs, now that Power — 

W will ceaſe, and the Virtue will exert it ſelf w = 


Olly inwards.” "The 
ſame will happen to the Tube when exhauſted, as alſo to a Glass 
Globe * whirP'd by Means of a Wheel, and ſorubb'd by the Hand; * Annot- 23. 
Has. is deſcribed more at large by the late 60 Hawksbee in his 
as given al la fa | 
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have Occaſion, to conſider it more fully in another Part of my 
Course: And the Mehr of this Lefure is oaly to. new. lat 
thoſe Properties of Bodies, ſuch as Gravity, Attractions, and Re:. 
pulſions, by which we ſhall. hereafter explain ſeveral Phænomena. | 

are not occult Qualities or ſuppoſed Virtues, but do really „ 
and are by Experiments and Obſervations made the Objects of our - 0 
Senſes. Theſe Properties produce Effects, according to ſettled | 5 

Laws, always acting in the ſame Manner under the fame Cir- . 
| t ole Cauſes * are not * Ainorw2 5 


— 


N 


— 


cumſtances: And; tho“ the Cauſes of t! 
known, ſince we do not reaſon about theſe hi ; 


| ; SHO e hidden Cauſes; it is 
plain that we reject occult Qualities, inſtead of admitting them in. 
our Philoſophy, as the Carze/ians always object to us. 
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F weconſider the Bri 
firſt Parts ; we ſhall find t e, 
Diſpoſition, in reſpect to each other, will produce very fernt Pa 
of the Edifice: An Arch, a Wall, a Chimney, a Peer, a ſquare or a 
round Pillar, a Globe or a Cube are compos'd of the ſame Sort of Bricks; 
and ſuch as ſerved ſor one Part, when pulled aſunder, will as readily nee | 
for another. So in the wonderful Edifice of the Vniverſe, there is no nec 


of a Difference in the Atoms or firſt Particles, of which the ſeveral Parts | 


are compounded ; The fame Atoms being as proper to make Land as Sea, 
to make Gold as Clay: Ar as mie ly rg wet oul that 

the Matter, a par r Diſpoſition of Atom 

ference det wixt a lifeleſs Lump, and the Body of a 
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\ One may bring. various Examples of Matter trac'd t rough ſeveral Bo- 

0 ge depend upon the different Texture and Poſition of 
When is Water of Rivers, Seas, akes, is ſo rarified by the Heat 
of the Sun, as to become ſpecif cally lighter than Air (which will happen, 
when it takes up above goo times the Space in Vapour that it did in Wa- 
ter) it will riſe up ſo high as to form Clouds of various Colours, which 
float about at that Height, where the Air is of the ſame ſpecifick Gravity 
When the Winds, by carrying off ſome of the Air above, cauſe that 
which is below to become ſpecifically lighter by its Expanſion ; the Clouds, 
3 the ſame ſpecifick Gravity as they had before, then deſcend, | 
«4 the Reſiſtance which they meet with in their Deſcent, are chang'd 
into Rain, which falling down to the Earth, does in a great Meaſure run | 
back into t e e Rivers and Seas; but ſome Part of it runs into the Earth, 
and is imbibed by the Seed of Plants. If we conſider ſo much of it as gets 
into the Grains of Wheat that are ſown, the Appearance of it is much 


EDA No on Sree) 


| rangi i in «bei green Blade af Corn, hon in 1 3 * in 1 

ide Ear, and in the Grains contain d in it. The Wheat, by being ground Lett. I. 
** Mill, puts on the Form of Flour ; which being made up into Paſte 

and then baked, is again changed into the Cruſt and Crumb of Hread. The 

n auriſhing Parts of the Bread (after it has been eaten by Man; and has 

d thro the Stomach) do out of the Inteſtines paſs thro? the Latteal . 

- Vesſe ls into the Receptaculum Chyli, and thence up the Ductus Thoracicys - 

into the left Subclavian Vein, or (as an ingenious * Anatomiſt has lately Mr. St. A- 

diſcovered) into the left internal Jugular Vein; where mi ing with the &e. 

Blood, it goes along with it thro. the Heart and Lungs, where it receives 

pirifying goe al from the Air, and returning into de Heart, is from 

thence by the Action of the left Ventricle of the Heart, and the Arte- 
ries carried to the Extremities of the Body: There ſome Part of this 

new Blood circulates back again; whulft ot Parts are changed into the - 
Subſtance of Bones, ſome into Membranes, ſome into Hairs, | ſome into 

Nails; and other Parts of it paſſing thro theGlands, are. turm d! into Sweat n 

and * become Water again, as at fi 

1 we had conſider'd ſuch Drops bf Rain as as Een 

e t have trac'd it throꝰ the Stalks of the Plant, Flax made of chat, 

1 ſpun from the Flax, Linnen made of the Thread, a white Pulp 

— of the Rags of the worn Linnen beaten up with Water at the Paper- _ 

Mills, Paper made of that Pulp thinly ſpread upon a fine Net-Work of 

Wire; and laſtly the Smoke, which burn'd Paper affords, is again eaſily re- 
due d to Water. 

| Solids become Fluids, as Metals do by the Action of Fire, or being dif. 

b ſolx d i in acid Menfruums ; ; and Fluids put on the Form of Solids, as Mer- 

cury. will be made hard by the Fumes of Lead: And two Chymical Li- 

*- will e upon their Mixture coaleſce. into a firm Sub- 


| I. is to their cular Figure that Machines and Inſtruments owe: 
their Uſefulneſs ; 2 Mille ar and other mechanical Engines on- 
ly valuable, when their Pars that are made to communicate Motion "have 
ir proper 
The fame kind of Glaſs produces great Variety of Effefts, thi 
>. the different Figure of its Surface; as is known ro all that have ſeen 
D ptic Glaſſes. 
3 Difference of Seafors which makes ſuch changes on a the Surface. of | 
x and even in the Bodies of Animals, is entirely owing to the 
£ rent Situation of the ſeveral Parts of the Earth in Reſpett to the: 
dun. | 
| Thoſe that would read more upon this Subject may confult Dr. Joby Kits. 
4 BERN ad veram e N . N 38 | 
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. Annotat, 2. f 4. That Mercury eis, &.] Mertury vielghs 137 Times more than 
Leck. L want aud 5 is found to reſiſt juſt : 34 Times more; and Wa er which weighs 
between 800 and 900 Times more than Air, is found to reſiſt juſt ſo mich 
more. This Sir //aac Newton found by making Experiments upon Pendu- 
lums of Wood and Lead in the Air, Pendulums of Lead in Water, and of 
Iron in Mercury. See his Principia, Edition 2d. Book 2. Prop. 31. and 
Pr Fop. 40. Ahere he demonſtrates that the Reſiſtance of F luids is as their 

I made an Experiment before the Real Society about two Years ago | 
with a Ball of Gold of an Inch Diameter; which, being ſuſpended by a 

String, did firſt oſcillate in Water and then in Mercury : And it appear'd 
that 42 Vibrations in Water deſtroy d as much of the Motion of the Golden 
1 as three Vibrations in Quickſilver. | And letting the Ball of Gold 
fall in a Copper Tube four Foot long, and 42 Inches Diameter, filled with 
Mercury (from an Height of three Foot io Inches) and nicely obſerving 
the Time of its Fall, I found by comparing ſeveral Experiments, that 
| «the Reſiſtance of the Medium (diſcovered by the Method taught in the 
Hid 4oth Prop, of the Principia) agreed fo exactly with Sir //aac Newton's} 
Theory, as not to differ one Tenth of an Inch i in the Space that the Ball . 

| fell thro), which Was three Foot ten W ein 


* : ” b i . 
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: VW 55 &c.] See Sir Jaa 
As Optics, ſecond Edition, Book 3d. Queries 18, 1 95 20 and 2 21 


1 Un 4 hat Quantity, c. it diviſi 1 10 ufmitum; &c7 of the many 
WES DE Cooke brought to prove this Aﬀertion, I _ only mention tw] 
that are very plain and obvious. The firft taken from L n In- 
troduttion to Sir 1/aac Newton's gp ik Part ft, No 0-18 E 
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| zesse "I AD 3 perpendicular to B another as & HA 

a ſmall Diſtance from A, alſo perp endicular to the ſame Eine. With the 
ſeveral Centers C, C, C, &c. and Diſtances C A, CA, &c. deſcribe Cit- 

cles cutting the Line G H in the Points es e. Ec. The greater the Radium 
A C is, the leſs is the part e G. Since the Radius may be augmented is 
Inſinitum, therefore the Part e G may be diminith'd in the ſame Mana | 
and yet it can never be reduc'd. to nothing, becauſe the ene le f 
coineide with the right Line BF. g's OR. 


. I be next is from Dr. John Keil 8 Iurroduftio ad. veram Pf. 12 1 
De Magnitudinum Diviſibili e. 

6 Let AB (Plate 2. Fig. 2.) be a Perpen viola? Land hs: Paralicl 

e D, E F. From the Point C in one of 1 Parallels draw the Line CG 

b % a Point G on che other Parallel on the other ſide of the CE 


* 43 4 2 


1 


FY 


AB, and it will divide the faid Perpendicular into two Parts at K. Ano- Annotat. 


cher Line drawn from C to H will divide the Part K A (of A B) mtoLed I. 
two Parts; and ſince upon the Line EF, which may be produc'd in nini. 

tum, other Points as I, Cc. may be taken, new Lines may till be drawn to 
divide the remaining Part of A B. For whatever Line is drawn from C 

to any Point of the Line E F, however diftant, it can never coincide with 

| the Line CD; and therefore it will ſtill divide the Part of AB that re- 


| mains after the foregoing Diviſion. 7 ĩ˙ Lat a a 

| For other and more ample Demonſtrations, See the faid Lett. zd. 

| where he alſo ſhews the Abſurdity of the contrary Opinion : And'in the 

next Lef#ure he removes the Objections alledg'd againſt the Diviſibility of 
Quantity; by demonſtrating thoſe very Aſſertions to be true, which the Ob- 

© jettors alledge as abſurd Conſequences of the Diviſibility of Magnitude in 
YG oC ß „„ 

2 iy Firſt,” That a finite Quantity may have an infinite Number of Parts 
For if the Line A B be divided into an Hundred Parts, all thoſe Parts ta-* Plate 3. 
ken together will be equal to AB; and if it be divided into a Thouſand Fig. 3. 


Parts, all thoſe Parts taken together will ſtill be equal to AB. Now, 
a Thouſand may be encreaſed in any Proportion, nay, may receive an 
infinite Addition of Numbers; and ſince, however the Number of Parts 
is encreaſed, the Sum of them can never exceed the Line A B; the 
ſaid Line may, without an Abſurdity, be faid to contain an infinite Num- 
F Secondly, That it implies. no Contradiction, but is agreeable to Geometry, to 
ſay, that a Finite may be equal to an Infinite; ſnhewing that a finite Space is 
equal to an infinite one, and that an infinite Solid is equal to a finite one. 

| Thirdly, That there are Tnfinites, whoſe Magnitudes bear certain Propor- 
= | 1 to one another, and that ſome are bigger, (nay infinitely bigger) than | 
In the Circle ABF + take an Arc B F infinitely ſmall, then the Chord + Plate 3. 
BF will be infinitely ſmaller than the Diameter A B; and yet it will be Fig. 4. 
infinitely 4 wa than the vers'd Sine BG, found by drawing FG perpendi- 
cular to BA. Likewiſe in the Circle BFA if the Arc BF be taken! Plate 3. 
infinitely ſmall, B E be its Tangent, F G the Right Sine, B G the vers'd Fig. 35. 
e vi er and nige the 5 K Sine; it is demon 1565 „„ 
that CB is infinitely greater than B E, and B E infinitely greater than B G 
ba BO er, m. ee tion 
But the moſt ſurprizing thing of this Kind, is, that if A E and 5 
Ah Tbe drawn at right Angles, and the Parabolic Curves of different f Plate 3. 
Finds, C, D, G, H, be drawn thro' the Point A; the Angle of Contact Fig. 6. 
AC, which is infinitely lef than any rectilinear Angle, will be infi- 
itely greater than the Angle F AD, and FA G will be infinitely leſs 
Chan F AD: And ſo there may be an infinite Series of Angles of Con- 

act going on infinitely, of which every following one is infinitely greater 

han the former: Nay, between any two Angles, - there may be inſerted | 
= .- | IS © innumerable 
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innumerable Angles infinitely greater than: each other; And even between 
any two of theſe Angles, re may be a Series of intermediate Angles 


WA going on i» Infinitum ; of which every. following one is infinitely * eater 
than the former. And thus Nature knows no Bounds... See the Demon- 


100 ions * theſe Propofitions in the ſame Book, Lett. C 


5. 16 — There are Atoms, &c.] Dr. Keil in his Introduction, Lebt. ; 
deduces the two following. Theorems from the infinite Diviſiilit 5 


Eo þ & Pa nn. 

: * Any Quantity of Matter, how ſmall ſoever, and any finite Space, how 
ce great ſoever, being given, as for Example, a Cube circumſcrib'd about 
the Sphere of Saturn) it is poſſible for the Matter of that ſmall Sand 
& to be diffus'd throughout all that Space, and to fill it ſo, that there. ſhall 
oo 7 no Pore or Interſtice in it, whoſe Diameter ſhall exceed a given 
* Line. 3 4 2 
© From the Demonſtration of this Theorem, he draws the following Coro- 
hos: which ſerves for the. Demonſtration of "the other. 


Cor. © Hence there may be given a Body, whoſe Matter, if it be re- 
i reduc'd into a Space abſolutely full ; that Space may. be any given Part 
« of its former nitude. . my DN 


8 THEOREM 2. 8 


„ There may be two Bodies of equal Bulk, whoſe Quantities of Mit- 
ter being unequal in any Proportion; yet the Sum of their Pores, or the 
& void Spaces in the two 1 3 ſhall be almoſt equal, Ie,” 


The Doctor applies his Demonſtration to an Inch Cube of Gold, and an 

Inch Cube of 7 the Subſtance of which is as follows. 
5 n 3. The Cubic Inch of Gold, * A contains near 20000 Times more 
Matter thaw the Cubic Inch of Air B, but we will only ſuppoſe 
it to contain 1oo0o Times more. Now let the Matter in A be re- 
Fares into a Space abſolutely full, which we will ſuppoſe equal to the 
| =— Part of a Cubic Inch; (which may be done by the Cor. of the laſt 


Too ooo O00 


Theorem. Then if the Matter in B be reduc'd to a Space abſolutely full, 
it will only take up the .. Part of a Cubic Inch, becauſe B 


1 000 OOO O00 


aged 10000 Times Tels Matter chan A. To compare theſe two füll 
Spaces let. us make the Denominators of the two Feaflions the 25 


A 
5 


"7 


4s dune ei Experimental Phi 
nd — 10 —P will expreſs the ſolid Space in the Inch of Gold: There- 
1 000 000 000 t Jett 4.154 17% +1 


bre the 22222222 remaining Parts of that Cubic Inch will be void 


I 000 OOO ooo | 


3 paces z whilſt the void Spaces in the Inch of Air, (after its Matter has 


1 1 been reduc'd to a ſolid) are expreſs d by the Fraftion 2 99. And 


000 000. 000 


in the Ratio of Equality; the void Spaces in both Bodies are nearly 
equal. 1. 15 . 3 
. g Though theſe Theorems ſeem inconſiſtent with the Doctrine of Atoms, 
they do not overthrow it; becauſe, as they are deduced from the Diviſibi- 
lity of Quantity, they are rather Mathematical than Phyfical. For though 
an Atom may be conceiv'd of an exceeding Smallneſs, yet its Diameter muſt 
be of a determinate length, and conſequently too big to anſwer the Condi- 
tions of the firſt Theorem, which ſuppoſes no firſt Parts. But then even in 
an Atom (or firſt Phyſical Part) Mathonagciatis may aſſign Parts ſmaller 
in any Proportion, ſo as to agree with the forementioned J heorems : For 
thoſe Particles of natural Bodies, which cannot be divided in the Opera- 
E rations of Nature, do virtually contain an infinite Number of Parts; the 
| thoſe Parts are never ſeparated from one another. 3 
| Notwithſtanding, that giving Atoms a certain Bigneſs limits Dr. Keiſs 
8 Theorems in the Phyſical Senſe; yet it appears from Phenomena, that there 
actually exift Particles {mall enough to agree with the firſt Theorem, if a 
Grain of Sand be made uſe of to fill the Sphere of Saturn; and with the 
ſecond Theorem, if an Inch of Gold be compar'd with an Inch of Air; on- 
iy ſuppoſing (which is more than probable) that a Body perfectly ſolid is 
as much denſer than Gold, as Gold is denſer than Light, or er whick 
ss ſtill rarer than Light 5 h „ 
And if a Grain of Sand be ſuppos'd divided into fo many Parts, as to 
fill the Sphere of Saturn, without having any Pore bigger in Diameter than 

an Hair; thoſe Particles may be ſtill bigger than thoſe of Æther, if not 
digger than thoſe of Light. 3% ͤ Ft rertir pa an 


* 


6. 
Hhou 


7 — Thefe are to be imagiud of an | unc ouceivable Smallneſs, Kc. 
it be ſurprizing to think, that Matter ſhould be actually divided 


Wnſtances of the ſmall Parts into which it is divided by Art, or the Work of 
Pens Hands; and ſome Examples of its Subtility, as it is dos Logon 
Al over the Univerſe, will make the Aſſertion very plain to any Body that 
ill afford the leaſt Attention 


hinneſs, that fiff 
the Length of an 


45 Inches of Leaf - Gold weigh but one Grain. Now 
may be divided into 200 viſible Parts, as appears 28 
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; | conſequently ſince the Numbers 999 990 000 and 999 999 999 are almoſt - 


to Parts ſo ſmall, as we have mentioned in the foregoing Note; a few | 


The Gold-Beaters, eren with courſe Tools, reduce that Metal to ſach a 


E 2 | Plate 


7 \ 
n 
F 


— 


* A. , 
2 8 
2 ** 


Annotat. Plate 2. Fig. 8. where the zoth Part of an Inch is diſtinguiſh'd into ten 
Le& I. viſible Parts by fix black Strokes and five white Interſtices*. Then multi- 
LAN PIY10G 200 by 200 we have 4oooc, for the viſible Parts of a ſquare Inch; 


* Plate 
| Fig. 8, 


oy Means it becomes divided into 2 000 ooo of viſible Parts. 


con ain viſible Parts, even after it has been divided above ten times more; 


That one may reaſonably take Cubes for the little Cylinders, appears, 


622 + times leſs than the a ooth Part of an Inch that we have taken, as 
Mr. Boyle, in his Book of The Nature and Subtiilty of Efluvia, mentions, 


ſtrong blue Iincture ta 105,157 Cubic Inches, or near two Quarts o 
Water. Now ſuppoſing no leſs a Cube of this ting'd Water to be viſi⸗ 


Grain in fix Days. Now if we ſuppoſe, that during all that time a Man 
could ſmell the 4/z Hetida at the Diftan . 


Bigneſs the 3 


e eee 
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which are contain'd 50 Times in a Grain of Gold; and therefore by this 


* 


If we confider the gilding of Silver, we ſhall find Gold in that caſe to 


for eight Grains of Gold will gild a whole Ounce of Silver, which is after- 
wards drawn into a Wire 13000 Foot long; therefore one Grain gilds a Wire 
1625 Foot long; and as every Foot (by what we have faid above) muſt 
contain 2400 viſible Parts, the whole Length of the Wire contains; 900 000 RY: 
tittle Cylinders, which being turn'd into Cubes, will each of them have 
ſix viſible Sides; and conſequently by this laſt Operation, one Grain of 
Gold, inſtead of being divided into Two Millions of viſible Parts, will 
be divided into 23 4oo ooc, which 1s almoſt twelve times as many, 


when we conſider further, that all this Wire is beaten flat in orde 
to wrap it round Silk for making Gold Lace; and that even after flatten- 
ing, the beſt Miſcraſcope cannot diſcover the Silver through the gilding 
Ti is ſhews, that in this thin Skin, ſeveral Parts of the Gold ſtill } 
lie upon one another; though the "Thickneſs of it (as Dr. Hally | 
has ſhewn, Philo/- Tranſaf. Numb. 194.) is but — — Part of an Inch, or | 


1245 


- 


the leaſt viſible Part of an Inch in Length, 
that one Grain of Copper diffoly'd in Spirit of Sal Armoniac, will give 2 


ble, than. ſuch a one whoſe Side 1s equal to the 1iooth Part. of an. Inch ; 


(which is making eight times more Allowance than we did in reſpect 
of the Gold) it will appear upon Computation, that a Grain of Sand fo 


ſmall, that a Million of them may be contain'd in a Cubic Inch, does con- 
tain two Millions an Hundr ed and eleven Thouſand and four Hundred (or A 
2 111 400) ſuch Parts as the ſingle Grain of Copper is actually divided into, 


of 40e. Fetida, found it diminiſh'd in Weight but the eighth Part of a il 


ce of five Feet, it will appear, 
that the Particles, into which the 4/3. Fztida is divided, cannot exceed in 


8 
"x 


'S 
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—— Part of an Inch g. 
286 250 ooo o00 000 oo 


The late Mc. Lewenhoek, that ingenious Searcher into Nature, gives us an Ac- 
count, that in the Milt of one Cod-Fiſh there were more little Animals, than 
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: | he Focal Length of the Lens, or Glaſs of the Microſcope, we can by the Rules 4 5 
by Optics find the bigneſs of thoſe Auimalcula, which cannot be ſo big as the Lect. .. 


—Vx.. Put of a Cubic Inch: And, therefore, ſeveral Thou- ils | 
s 000. 000 ooo 000 | 

Ends of them might ſtand upon a Needle's Point. And it. appears alſo, that | 

we compare theſe to a Whale; they will be much leſs in Proportion, 

Than a Whale is, when compared with the whole Globe of the. Earth. 

As every Animal is an organiz d Body; how fine, delicate and ſubtile muſt | 

pe the Parts that make up one of theſe Animals? How ſmall muſt be _ 

eart? How inconceiveably little its Veins and Arteries ? ? And much les. 8 5 

uſt be the Globules of that Fluid which ſerves it for Blood, and „„ 4 
hich are {till carried along in a finer Fluid. It is worth while to conſider EE bs 
be Smallneſs of thoſe Globules; which we may do by making the follow -  - 
3 g Allowance; namely, That the Particles of Blood of thoſe Animals 

re as much leſs than their Bodies, as the globular Particles of the * 

I | man Blood are leſs than a Man's Body. 


| A Man's Body 3 is to that of an Aninalculum, as 17 to- EX. 3 , and the: 


. 100 000 
p iameter of the Globules of a Mar 8 Blood are not bigger than pr ec 
Part of an Inch +, (becauſe Lewenhoek found the Diameter or the Veſiels 


100 000 


3s ough which 8 run to be no bigger) therefore as 1 7 is to⸗ 


"x; TS. - 1 
wr ] ob Deckinats —<c- * _ * there. 


== 79 200 134 640 « 000 O00 I 000 000 000 000 
ere the Globules of Blood i in theſe little Creatures cannot * Fr en as the. 


E | 1 8 
be of this Number or ————— — nn 


1] 1 090.000 000 000 000 000 000 000 000 000 oO 
Warts of an Inch. 


But ſince theſe 88 expreſs'd in Figures, do not immediately. 
ve an Idea of the Smallneſs of theſe Globules ; Dr. Keil (in whoſe Fifth 
ecture one may find at full Length the Demonſtrations, that prove our 

wo laſt Paragraphs) has ſhewn, that the ſmalleſt viſible Grain of Sand 

Would contain more of theſe Globules, than ten Thouſand two Hundred and 

W ifty-ſix of the higheſt Mountains in the World would contain Grains of Sand. 

What we have ſaid hitherto, ſhews into how. many.ſmall Parts Bodies are 

ually divided; but there are Particles of Matter, ſo much ſmaller than : 

De Globules abovementioned, that thoſe Globules compared with them | 

4 Pil not only, be as Mountains, but as vaſt Earths, I mean the Particles 


E + The leaned FF ingenious Dr: J. Jurin, 9 of the Royal Fi! ob has nob-long ** ae, | 
3lobules of the human Blood to be bigger than what is here mentioned; and having communi: 
ated his Obſervations to My, Lewenhoek „ was by bim confirm din his Aﬀertion ; but I did not think 
| « per r to alter 1255 ein lince 1 ſhall ſpeak fully upontbis Subject in another Place of this au 
4 OIL. 


IS 


7 


Annotat. of Light, wh 7 
HY whoſe Light may be ſeen at two Miles Diſtance = 


of Particles of Light, than a Thouſand Times a Thouſand 


Side of the tranſparent Body be expoſed to the Light; therefore there is ⁵ 
the tranſparent Body to. any other Part of it: And this could never happen, I 


* 
if — 
Ms : 


zter, ſo that a Pin's Head cannot be placed 
out receiving ſome Particles of Liglit. Dr. Newentiii ſhews, that the 
fourteenth Part of a Grain of Wax or Tallow, (that is conſumed in one 
Second of Time in a Candle of fix to the Pound.) produces a greater Number 
Millions of 8 
Earths, (equal to our Earth) would be able to contain Grains of Sand. See 
Religious Philoſopher, Vol. 3. Gontemplation 25. Seft, 15, 16, 17- —_ 
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„ eee muſt be a great deal of Yacuity, &c.] The different ſpe- 
-cifick Gravity of Bodies plainly proves this Aſſertion, as will be more ful. 
.ly ſhewn in the ſecond Lecture. And in Fluids this is evident from their 
different Reſiſtance, which we have already ſhewn to be proportionable ta 
the Quantity of Matter in Bodies. as 8 jt = 


8. [—— All Spaces are not equally full of Matter. } If there was any 
ſuch thing as a Swubiile Matter, that wholly fill'd up the Vacuities of Bodies, 
and the whole Athereal Space in which the Planets move; its Reſiſtance 
would be ſuch as far to exceed the Reſiſtance of Quickfilver. In ſuch « 
Medium as that, even a perfectly ſolid Globe muſt loſe half its Motion, 
before it could move thrice the length of its own Diameter; and fuch 
Globes, as the Planets are, would be ſtopt much ſooner ; wherefore tis ab 
ſolutely neceſſary for continuing the Motions of the Planets and Comets, 


9. [Auch more Vacuum than Matter, &c.] That there is more ſ 
Vacuity in Bodies than Matter, may be clearly deduced from the Proper- 
ties of tranſparent Bodies; for the Rays of Light are ſpread every way in 

right Lines through Water, Glaſs, or a Diamond, with no more Difficulty / 
{nay, with more Swiſtneſs) than they are carried through the Air, whatſoeve: 


always a rectilinear Paſſage for the Light, from the leaſt aſſignable Part of 


1 
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unleſs the Quantity of Matter in ſuch a Body was extremely ſmall when 
-compar'd with its Bulk. Perhaps in a Diamond the ſolid Matter, compar'd 
to its Bulk, bears a leſs Proportion than the Diamond does to the whole 
Globe of the Earth: Which will not appear impoſſible, to thoſe that conli- 
der what has been ſaid before upon this Subject. Now. ſince Gold is not 

"pe Sk $f Above 


* 
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. ave fix times denſer than a Diamond, how much more Vacuity muſt. be Annotat. 


n it than Matter? This ſhews the Reaſon why the Efiuvia of the Load-Lect. I. 
Rone paſs through Gold as eaſily, as through the Air; for if a Plate of Gold. Y. 
r any other Metal (except Iron) be interpoſed between a Loadſtone and a 
Fouch'd Needle, which is drawn-out of its Poſition by. the Virtue of the 

tone, the Needle will in no wiſe be leſs affected than before. Nay thoſe. 

Nuvia may. for a whole Day. paſs through the Brain, a Body fo tender. 

d of fo delicate a Contexture, without afſecting the Nerves with any- 
Senſation, or diſturbing the leaſt Thought. — — 8 

The Vapour of the Aurora Borealis (which ſome imagine to conſiſt in a- 
treat Meaſure of the Magnetic Efiuvia of the Earth) does freely paſs: 
brough Houſes and Trees, and dart through the Bodies of Animals without 

Peing felt; as appears from Obſervations made upon that Phenomenon, when: 


Wicwed from ſeveral Places at once. 


10. [15—4ny Weight may hang, &c. The ſame Experiment may be 
Wade, by Means of a ſpiral r 94g one of the Balls within a Barrel on 
hich a String is wound up. For the end of the String being faſten'd to ano- 
her Ball equal to (or double, or triple) the Ball that has the Spring; upon 2 
Hulling the Balls aſimder, they will come together again with V elocities reci- 
rocally proportional to their Maſſes. See Plate 3. Fig. 9. Where A *repre-* Plate 3; 
Wents the Section of an hollow Braſs Ball, with a ſpiral Spring 8 and Barrel Fig. 9. 
Within it, contrived in ſuch Manner as to pull back into the Ball the whole 
String AB, when it has been pull'd out by the End B. The Ball B is ſo- 
and of Ivory, but of the ſame Weight as the hollow Ball A. Now if 
e Ball B be pulled from A to the Diſtance A B, upon letting go both 
e Balls at once, they will meet at C, the middle Point bene Soak but 

ZB be a Ball twice as heavy as A, upon letting both go they will meet at 
, D B being but half of the Diſtance AD). Ve gs: eg 


= 11. For Gravity being a Virtue diffus d, &c. | When we compare 
Fravity to Light and Heat, we would not be unde to derive their 

ffects from the ſame Cauſe ; or to aſſert, that all Sorts of Attractions in 
odies have the fame Laws, ſince the Attraction of Coheſion“, and the At- L. 1. No. 197 
goon of the Loadſtone -+, do not act in that Manner: But here we only ** Oc. 
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of the Attraction of Gravity, whereby the Bodies about us are driven f L. 1. Ne. ag. 
ards the Earth, and the Earth and Planets are driven towards the = 
"22 which Attraction is called alſo a-Centripetal Force: And whatever be 
n, IS Cauſe, its Laws abovementioned have been diſcover d by Obſervations - 
AX NI, which have always concurred to confirm the Theory of 
Fravity. | „ „ 
In order to have a clear Notion of the Effects of Gravity, or the Centri- 
Etal Force, we muſt conſider it in three Reſpects: Either in refiatt to the Quan- 


ty of Force in the Central Body that attracts others, (or towards which Cir- 
umambient Bodies tend) which is call'd the Alſolute Force; or in reſpect. 
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Annotat. to the Velocity with which other Bodies move towards the Central one, which 
Led. I. is call'd the Accelerating Force; or in reſpect to the Quantity of Motion in 
I the faid Bodies, when compar'd with each other, which is proportional 

to the Obſtacle that they are able to remove, and is called the Movin 
The 4%/olute Force is proportionable to the Efficacy of the Cauſe that um 


* 


Moon has near forty times leſs Abſolute Force than the Earth, becauſe it 
has almoſt forty times leſs Matter. Its Bulk indeed, (which is as the Cub: 


Principia, Book. 3. Prop. 37. Corol. 3. 
The Accelerating Force is expreſſed 


No. 17. is the Gravity, that makes Bodies tend towards the Center of the Earth = 
greater in Vallies than on the Tops of high Mountains; greater at th: 
Poles than at the AÆquator, which is ſeventeen Miles higher; and greater 
at the Aquator than at greater Diſtances from the Globe of the Earth: Fo? 
the fame Body, which, near the Surface of the Earth, falls Tixteen Foo: 
in the firſt Second of its Fall, would fall but four Foot in the ſame time, i 
it began to fall at the Height of 4000 Miles from the Surface of the Earth,"”=l 


or two Semidiameters Diftance from its Center. At equal Diſtances. tie 
+ Lett. 1. Accelerating Force is the fame every where: becauſe all Bodies large 
No. 8. Ex- ſmall, heavjer or lighter, (abſtracting from the Reſiſtance of the Air,) a 
VPPCCCCCC((C((TuTu % %%%c%%ͤ;ͤùł ͤĩ oe rs 7 
The Moving Force is proportional to the Quantity of Motion, which 
the Abſolute Force of the central Body generates in a given Time, in the 
Bodies that it acts upon. Though in reſpect of the Earth, we conſider tl: 
biggeſt Bodies that are attrafted by it (and even the Moon it ſelf) as P 
ſical Points; yet when we compare the Bodies with each other, we muß 
have a Regard to their reſpective Quantities of Matter; for Bodies th 
have the ſame Accelerating Force, or move with the fame Velocity, ha- 
their Quantities of Motion greater or leſs, as they have more or leſs Mat 
ter, or as they are more or leſs heavy; becauſe the Moving Force ol 
Body is made up of the Sum of the Actions of the Accelerating Force of 
all its Parts, and conſequently it is found by multiplying the Quantity om 
Matter into the Accelerating Force; as the Quantity of Motion in Bo- 
dies is found, by multiplying their Matter, or their Maſs, into thei 
Velocity. + 1 . wa Wen 2 
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Hence near the Surface of the Earth, where the Gravitating or Accelera- Annotat. 
ns Force on all Bodies is the fame, the Moving Force or Weight is as the Lect. I. 
Body: But if we aſcend to Places where the Accelerating Gravity is les, 
the Weight will alſo be diminiſn'd and become as the Maſs of the Body 
XX multiplied by the Accelerating Force. Thus if a Weight of one Pound and * 
XX : Weight of four Pounds begin to fall near the Surface of the Earth, 
their Moving Forces will be as 4 and 1; for if we take 16 for the Accelerating 
Force, equal in (and common to) both, 16 times 4, (or 64) will be juſt 4 times 
as much as 16, (or 16 times i.) But if the four Pound Weight was remov'd 
to the Height of 4000 Miles, or two Semidiameters from the Center of the 
Earth, its Moving Force then would be juſt equal to that of one Pound at 
the Surface of the Earth; becauſe the Accelerating Force being 4 times leſs 
at twice the Diſtance from the Center, 74 times 4 or 16 would then expreſs 
the Moving Force of the heavier Body. „ „ l 
Ik the one Pound Weight was plac'd at the Diſtance of two Semidiame- 
ters, its Moving Force would be 16 times leſs than that of the 4 Pound 
= Weight at the Surface of the 88 
As clear Idea of theſe three Forces will ſhew the Reaſon of ſome Phæno- 
EE ena, which would otherwiſe be hard to explain: As for Example, we 
have already ſaid, that the Earth has near forty times more Matter than the 
Moon; and yet Bodies on the Surface of the Moon weigh but three times 
leſs than they do on the Surface of the Earth, though the Moon's Abſolute Force 
be forty times leſs. But to ſhew that this is a neceſſary Conſequence of 
what has been ſaid, let us examine this Matter by Numbers. 
Let T AB repreſent the Earth, and L the Moon, A B a Diameter + plate 3. 
of the Earth, and 47 a Diameter of the Moon (which are to one another Fig, 10. 
as the Numbers 365 and 100) and let the Lines CE and ce be each equal : 
to a Diameter of the Earth. Now if we ſuppoſe a Body plac'd at E, 
"EXE whoſe Weight or Gravity towards the Earth is there equal to 9,8427 Pounds; 

the ſame Body plac'd at e, juſt as far from the Center of the Moon, as it 

was before from the Center of the Earth, will weigh towards the Moon L 
but 0,25 Pound, or a Quarter of a Pound; becauſe the Maſſes or Quantities of 
| Matter in thoſe two Bodies, and conſequently their 4b/olure Forces, are to 
one another as theſe Numbers, or as 39,721 to 1, which are in the fame 


| Proportion. Newtoni Prin, Lib. 3. Prop. 37. Corol. 4 £ 
1 hen if the Body abovemention'd be plac'd at A, diſtant from the Center | 
of the Earth but a Semidiameter, it will I weigh towards the Earth four 4 L. 1. Ne. 15. 


ie Sphere m a, which is equal to the Globe of the 
Point a would be on the Surface of the Moon, as the 
om the Surface of the Earth; and in that Caſe the 
Weight of Bodies on the Surface of the Earth would be to the Weight 
of Bodies on the Surface of the Moon, preciſely as the Quantity of Matter 
in the Earth, to the Quantity of ä in the Moon; ä a8 
© | \ | | „„ Sn 
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Annotat. their Abſolute Forces. But as the Moon is leſs in Diameter than the view 


Lett. I. whenthe Body that weighed 1 lib. at 4 comes to be placed on its Surface f 1 
at 4, it will be nearer to the Center of the Moon than it was, in the Pro- 8 


L. I. No. 1j. portion of 187,5 to 50, or 365 to 100, and therefore * it will then weigh 


13,1225 Jib; for as the Square of c4 (100X100=10000) ͤis to the Square 9 

'of ca (365 836 52133225) Jo is 1, or the Weight of the Body placed at a, 
to 13,3225, the Weight of the ſame Body upon the Sur face of the Moon; = 
F being very near che third Part of 38,377, ent, that Bodies BN 


'on the Surface of the Moon weigh about a thir 
the Surface of the Earth. Which was to be demonſtrated. 


7 K 1 
15 — 5 . £48: 5, 
ä % 
art of what — 
NS 3 "x ; IE 
2 22 <> 5 TER 


2 7% it follows, That Bodies weigh more on the Surface of the Grall | 1 


of che arger. 


in * to their Quantity of Matter, than on the Sur ſace 1 = 


us upon the vaſt Globe of Jupiter, whoſe Quantity of 


Matter or Abſolute Force is 220 times greater than that of the Earth, 50 8 


dies weigh but twice as much as they would do upon the Surface of the © 


Earth. And upon the immenſe Body of the Sun, whoſe Quantity of Mat- 
ter is 227512 times more than that "of the Earth, Bodies weigh only 24,4 
times more than they do upon the Surface of the Earth. 


Hence follows alſo, that in reſpect of any Planet or central Body, as for 
i the Earth, the Weight of Bodies gravitating towards its Center 


is greater on its Surface, than at any Diſtance without it, or any where Þ 


wit hin it, though nearer the Center. For if the ſame Body. which at A 
weighed 39,371 Lib. ſhould be brought to D a Point within the Earth as 

near to C the Center of the Earth TAB, as d is to c the Center of the 3 E 
| Moon L, it would not encreaſ its Weight towards C x3, 3225 times, as it , 


n 


does when remov'd from 4 to 4; but it would diminiſh it in the. Propor- 
tion of 365 to 100, becauſe that Part of the Earth towards the Sur ſace be. | - 
tween D and A attratts back the Body towards A. * 

Ihe juſt Proportion of this Decreaſe of Gravity is determined b by Si Jas . 1 


N, 3 Lib. 3. Prop. g. to be always as the Diſtance from Center, i 


deduc'd are very evident, I ſhall repeat them here. 


If there be a concave ſpherical Surface, whoſe Particles attract 1 2 4 


+ Plate 3. ing to the Laws of Gravity abovementioned, as IH K Lt any little 50. E 
Fig. 11 dy within it will remain at reſt where ever it is plac'd, the Attractions 
round about deſtroying one another. This is evident, if the Body „ 
plac d at C in the Center. And if the Body be plac 'd at P as near again 
to H I as to KL, the ſame thing will follow; for let the Lines I K and || 

K L, be drawn, and it will be evident that the ſpherical Segment between 


K and L will be four times greater than the Segment between I and H, E ; 1 


rt K L is equal to twice H I; therefore there are four times more at- 
Bad P arne at KL than at H I, but H I being twice nearer to the 


attrats it four times as much, which makes amends for the fewer E 2 


2 1 * 2 
. 
178 £42. 1 
5 P 


going from the Sur face downwards : And as the Principles from which i it is © 


Parr contain d in the leſſer Segment; for the Product of the Ab/olu ll 


Force of HI 6) rolled; into its e Force (#hich here is 4) 2 1 
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aua product of the 4b/olute Force of K L (4) multiplied into its Annotat. 

1 bond 10.798 Force, which is but 1. This will hold good in reſpett of any other Led. 1 p 
Part of the Surface or Poſition of the Corpuſele : And if the Corpuſcle be pu 

into Motion, it will go on uniformly in the concave Sphere, as if it was nut 

anracted at all, If inſtead of a Surface there was a Shell of any Thick „. 

: as AB HIK Li, every thing elſe would remain as before aſſerted, Pik lte „ 

4 1 "LP Fig. 12 

provided that Shell was every where of the ſame Thickneſs and Denſity. 

f the Hollow HIK L be fill d with a ſolid Sphere and the Corpulcle 

ve plac'd at P, it will be attracted towards the Center C only by the 

Force of the inner Sphere HIK L; for the attractiye Forces of the ſeve- 

aal Parts of the Shell deſtroy one another, as has been ſhewn before. If 

he Corpulcle be remov'd to Q, it will be only attrafted by the Sphere 

R. Let us ſuppoſe the Abſolute Force of the whole Sphere A B 64; 

the Lines BC, PC, and QC, as 4, 2, and 1; and the Accelerating Force 

of the Corpuſcle at B to be ; its Og Force will of conſequence be 

51. Now if the Corpuſcle be brought to P (as near again to the Center 

of the Forces) its Accelerating Force will be 4, but then that Number 

muſt only be multiplied by the 4b/olure Force of the Sphere H IK L, which 


; 


being twice leſs in Diameter than the Sphere A B is eight times leſs in Soli- 

ity, and therefore its Abſolute Force will be but 8, which multiplied 

into the Accelerating Force 4, gives only 32 for the Moving Force of the 
Corpuſcle at P. If the Corpuſcle be brought to Q, four times nearer to / 9 
C, its Accelerating Force will be 16; which being multiplied by , the 1. A 
olute Force of the Sphere Q (which is four times leſs in Diameter than the - 
Sphere AB) will give 16 for the Moving Force of the Particle at Q. 

Now fince the Moving Forces, whereby the Corpuſcle or Particle at B, P, 
nd Q gravitates towards the Center C, are as 64, 32, and 16, and the 
Diſtances from the Center are as 4, 2, and 1; it follows, That going from the 
Fur face of a Planet downwards, the Gravity decreaſes direttly as. the Diſtance 
Vom the Cexter. Which was to be demonſtrated. _ 1 8 


Io apply this to what we ſaid before; if we conceive a Globe C D Te | 
Pithin the Earth T F equal to, and equally denſe with the Moon: The + Plate 3. 
Body which at A weighed 39,721 lib. will at D weigh jaſt 13,3225 Pounds, Fig. 10. ” 


it would do upon the Moon's Surface. 


* * * al 
*%* EF * 
: 1 ho 
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12. [18— Fa Cube of an Inch, &c.] As in the Bodies ſhin d upon 
e oaly conſider the Surfaces enlighten'd; the Experiment may be made with 
wc Pieces of Paſtboard expoſed to the Light: As N ple, a Cir- 
e, a Square, a Pentagon, or any other Polygon of an Inch Diameter a Foot 
nt from the Candle, will receive the fame Quantity of Light that falls _ 
pon 2 Circle, Square, or Pentagon, Sc. of two Inches Diameter at two 
Foot from the Candle, or the like Figures of three Inches Diameter at 
res Foot from the Candle; where we are to obſerve, that the Strength of 
he Light is diminiſh'd in the fame 1 as the Area of the Fi- 
Bures is encreaſed; That is, here at the Diſtances of 1, 2, and 3 Feet, the 
n , * 9 8 Strength 


x 


- 
* 
* 
— * 
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Arinotat. Strength of the Light will be as 9, 4, 1: 5 ; which we call a e Du- I 
Let. I.  plicate ö 0 the Diſtances. : = 


; 13. [1 men the Wood is more ſolid, &] 1 f we make "% of a Glue 
. ._-.-. Whoſe Parts are finer in Proportion to thoſe of the Wood to be joined to- 
4 1 er, it will hold as faſt as in ſofter Wood; as is ex 3 when hart 
Food" is glued with Fiſh-Glue diſſolyd in Spirit of . = 


A. Tr9— The Figure of any Portion of a Fluid, &c.] When two ſmall = 
Drops come to touch one another, they firſt become oval, and then im- 
mediately ſpherical. Now when the Drop is of an oval Figure, the Pre. 
fare of an external Fluid acking upon it from all Parts cannot alter the Fi-. 
gure of the Drop ſo as to bring it to be round; neither can it make it fla 
ter, as ſome have imagin'd, who have aſſerted, hat if there was no 
Attraction of the Particles of the Liquor, but only the Preſſure of an exter-. 
nal Fluid, an oval Drop would be more preſs'd againſt the Ends of the 

mort Diameters, than againſt the Ends of the long one, or of the Drop, YH E 
which would cauſe it to be lengthen'd. But I ſhall not make uſe of this 
Argument, becauſe it is a Fallacy : ; as will appear to ſuch as will be at 
the Pains to conſult Sir V/ Newton's Principia Lib. 2. Prop. 19. where it i? 
demonſtrated, that if any Portion of a Fluid be preſſed by the ſame or I 1 . 
any other homogeneous Fluid acting from all Sides, that Portion will not 7 
have i its Figure alter d by that Preſſure. = 


15. [19 — Whereas from a mutual Attrattion of the little Globutes A 2 : | f 
Pute 2. If two Similar and equal Globules A and B* attract one another and tou 3 
Fig 13. at C, they will remain at reſt, as they would if they touch'd at E or at L, 
or any other Point in the Circumference of either of them, becauſe tk. I 

Contact would ſtill be the fame: And therefore a very ſmall Force will re- 

move B from its Contact at C to E, or any other Point of the Circumfe- 

rence (or rather of the Surface of the 8 phere) CED; becauſe in going 
round one Globule it ſtill continues to touch it as much as it did before. 

+ plate 3. Gu there be three Globules A, B, F, touching one another in ſuch man- 
Fig. 14 ner, that their Centers are in the Line a b, they will remain in that Pf. 2 
® Fig- 15, * but if any one of them be moy'd out of chat Poſition as F, it wi! 
= not remain at F, but move on toward C where the other Globule AC a 
will meet it, ſo that each of the three Globules will touch in two Points b 

hong as many Points as three Spheres can touch one another in. Se. . 

. 7 16. 5 ; Hl Y 

+Fig. 17. If there be four Globules 3 in the Poſition A, B, f, they will for the | 
fame Reaſons come into the Poſition A, F, B 282 ſuppoſing their Centers all 1 
in the ſame Plane; but if any one of them, as F, be lifted up, it will not 1 1 

reſt till it comes to c, and then the Spherules will touch each of them i ; 

three Points. Hence it is, that when two Drops of Water or any other 

Liquor coming to touch one another, make vp the Spheroid ac 4 pc 2 


* * 
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3 A bey v wilt not preſerve that Figure, but run into the Sphere c g 7 eh f Annotat. 
hat there may be the 5 yo poſlible between the Globules of Let I. 

Which the Sphere or new Drop is ma de up. WO 

= Now becauſe it may be thought citnuathemariiat to Aa Conſequences 

oom the Figure of the Parts of Fluids, without having firſt . 

bat they are ſpherical; I ſhall here ſubjoin another Proof of the Round- 

es of the Drops of Liquors, without having any regard to the Figure of 

he Particles of which they are compounded. 

Let AB DE be a Portion of an homogeneous Fluid whoſe Parts at- Plate 3- 
rag one another, and whoſe Figure is not ſpherical. If in ſuch a Fluid 8 19. 
Mee ſuppoſe a Syp hon as ACE (or which is the ſame thing, if all the 
Fluid ſhould be frozen, except the Canal ACE) whoſe Legs AC and CE 

re unequal, and meet at C the Center of the Fluid, towards which there 

Y the greateſt Attraction; the Fluid will run out at A in the Leg AC, 

= - ul it be come down as far as g in the Leg CE, ſuppoſing Cg equal to 
A C. But if the Leg AC be lengthen d as far as c, then the Fluid will 

A : q b pay come down as far as e in the Leg C E, and at che ſame Time riſe up 

P Ca, C @ being equal to C. | 

I ſuch another Canal or Syphon be ſuppoſed at BC D, the Fluid in it 

7 will come down from D to 4 and riſe from B to 5. And ſince ſuch Sy 

. 1 5 1 ons may be ſuppoſed all over the Fluid A BD E, that Fluid by 

traction of its Parts muſt needs be reduc'd to the n Figure a b de. 
Which was 10 be demonſtrated. 


„e- molfencd, de. two Ct. Phan, &] This Expe- 
nent of the Drop of the Oil of Oranges, having been made by the late 
- 1 4 Mr. Hauksbee, in the Manner that Sir Jſauc Newton relates it in the 
ird Part of his Optics (Query the laſt, towards the Middle that incom- 
I arable Philoſopher has calculated the Force of the Attraction, and fays; 
That where the Oil of Oranges, between the two Glaſs-Planes, is of the 
IE Thickneſs of three Eighths of the ten Hundred Thouſandth Part of an 
Inch, the Attraction (Colledded by the Rule given in the Table of the 
Second Part of the Second Book) ſeems to be ſo ſtrong, as within a Cir- 
cle of an Inch in Diameter, to ſuffice to hold up a Weight equal to that 
of a Cylinder of Water of an Inch i in ee a two. or Atop ep 


a: 


| 17. [20 — the Atiraftion muſt increaſs continually = the We RR 
ok There are fix Properties to be obſery'd in the Attraction of theſe 


las- EE 

7 Lerche Point 0 (che Center of the Dro op) be at equal Diſtances bes plat 

Be Glaſs Planes Qn, Qn; and let the Radius O bexpreſs the greateſt Di- Fig, 20. 775 
Kance at which the Places of Glaſs Q, Qi can have * Effect . the 
4 oint % 01 15 pla * 8 

. . rt, 
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"Annotat./ Hit, That at its greateſt Diſtance from the Point Q, there will be no 
Leck. I. greater a Part of the Plate of Glaſs, than a Circle whoſe Diameter is cd 


within the Sphere of Attraction, or whoſe Parts are able to attract the 


Point O, all the other Particles being at too great a Diſtance. Secondly, The 


Force of the Attraction of the Points of the Circle of Glaſs which are 
neareſt to the Point Q is alſo the greateſt. Thirdly, The Sum of the at- 
tracting Particles plac d towards Q, and which are contain'd in the Seg- 
ment of the Circle of Glaſs, whoſe Arc has / c for its verſe Sine, is grea - 


ter than that of the attracting Particles contain d in the oppoſite Segment 


e the ame Proportion as the firſt Segment exceeds the other, becauſe of 


Circle e ond, and joined, 20. 


und ſuſtain Water in ſmall Tubes, and ſuch Spaces between ſolid Bodies as 


the Angle made by the Planes at Q. Fourthly, The Direction of the At- 


FF 


traction of the Points, that are at the ſame Diſtance from O, making all along 
the Line QR an Angle at O, more acute towards Q than towards R, the 


Point O will advance towards Q with an accelerated Velocity. Fifthly, As 


the faid Point O advances towards Q, the Diameter of the Circle of Glaſs 


_  +Whoſe Particles can attract the Point O will be encreaſed, (as g 4 is greater 


than d) and conſequently the Circlealſo'; which will cauſe the Drop of Oil 
to ſpread more and more upon the Planes of Glaſs, between which it waz 
* . Sixthly, The Drop or Point O will advance towards Q, with a 


"Velocity always accelerated with greater Forces; becauſe the Angleg Oy be- 


comes always more acute in reſpect to the Angle 4 O 4 in proportion as 
the Chord g 4 becomes greater than the Chord cad, which makes the Baſe 
g halways leſs in reſpeft of the Baſe d 3, whilſt the Sides of the two Trian- 
gles always remain equal; and conſequently the Angle g O B, is always leſs in 
proportion to the Angle 4 O gʒ which continually encreaſes the Force of At- 
traction towards Q by the following Demonſtration. 


Let the * Angle a be be divided into equal Parts by the right Line ba 


and about the Centers 7, u, taken at pleaſure upon that Line, draw the equal 
Circles g h & i, ac ml; I ſay that if through the Points of Interſe&ion, 


the Chords ac, I u; gb, ib, be drawn; the Ratio of 1m to ac will be grea- 


ter than that of 4 to gh. From the Point b draw the Tangents 4 ſp, br 93 
and from Point « for a Center draw between the ſaid Tangents the 


* 


The Segments % g 6, are fimilar, as wel as ».0, 7k, as alſp are the Arcs 


cope, k ſh, which makes 4: :: g h: de, andik:gh::no:de, Now Im 


is greater than o, and on the contrary a c is leſs than de; therefore 


the Ratio of I to ac is greater than that of i to g. Which proves the 


ſixth Property of the two Glaſs Planes that touch at one End, and are 
pen d to a ſmall Angle at the other. „„ 


18. [23=—— The Reaſon of theſe Phenomena, c.] Dr. James Turin, Se- 
_ .cretary of the Royal Society, has made a great many curious Experiments 


-of this kind, of which he gives an Account in Phil. Tranſ. Numb. -3 55. 
where he ſhews in what manner the Attraction of Coheſion operates to raiſe 


axe analogous to ſmall Tubes, 19: 
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Some have be 


| cury ſtands in the wider greater 
i fands 3 in the narrower Leg CA. On the contrary, Water ſtands higher - 
in the narrower Leg than in the mider. 


29 Erper Re. Philip... 39: 


19. [3— vickfiluer atirats Onickfilver more than Glaſs attrafs it, &c.] Annotat. 
2 fl e to imagine that Quickfilver and Glaſs e one * Lett. I. 
becauſe it does not in theſe and ſeveral other Experiments appear to ſtick ; 
to Glaſs; but that it is really attracted b by Glaſs (though ſo much leſs than 
by it ſelf, as to make it ſeem to be repell'd) will be ſhewn by giving an Ac- 

count here of ſome more Experiments E to the Attraction of Coheſi 

which the abovementioned 1 Tous and learned Gentleman made with Glas ; 


18 . 
Exe l * gs 
Duickfilver is attrafted by Glaſs:. 


If a ſmall Globule of Quickſilver be laid upon a clean Paper, and be- : 
touch'd with a Piece of clean Glaſs upon drawing the Glaſs gently. awa 
the Quickſilver will adhere to it, and be drawn away with it. And if 
Glaſs be lifted up from the Paper, the Quickſilver will be taken up by it, in- 
the ſame manner as a ay of Iron is drawn by the Loadſtone, and will ſtick. 
to the Glaſs by a _ Surface of a heed Breadth, in Proportion to- 
the Bulk of the Drop, as manifeſtly appears by an ordinary Microſcope, - 
Then if the Glaſs be hell a little obliquely, the Drop of Mercury will roll 


a= 


b | ſlowly upon its Axis along the 2 20 Side. of the Glaſs * it comes to the. 
End, ms will be tienes. as before. „„ | 


Ev ENT. thy > 


Ik a 3 Drop of Mercury be laid upon a Paper, and two Pics i 
of Glaſs held edge-wile be made to touch it, one on each ſide; upon draw- 
ing the Glaſſes gently - from each other, the Drop of Mercury will adhere - 
to them both, and will viſibly be drawn from a globular to an oval Shape; 
the longer Axis paſſing through the * of thoſe n in which. the 


the Drop touches the Glafles. _ 
The Particles of Quicſiluer are more attrafted by one another than Claſs.” 
For the Proof of this ſee "rk MW © 249359 * 10 3 N et 8 
ments of 32 . - | TY. 
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Quickitier bees pour'd into the inverted Syphon ACB, one of whoſe 1 
A C is narrower than the other CB; the Height CE, "at which the Mer- 
Leg CB, is than the Height CP, at which 


b 
. s 
GX. 


motat. 


Si. i, 


13 


FE 


' ABCD repreſents a rectangular Plane of a Glaſs which makes one fide 
of a wooden Box. On the inſide of this is another Glaſs Plane of the fame i 
; ſize, which, at the End A C, is preſs'd cloſe to the former, and opens to a WW 
ſmall Angle at the oppoſite End BD. When Mercury is pour'd into this 
Box to any Height as CE, it inſinuates itſelf between the two Glaſs Planes; ⁵⁶ 
and riſing to different Heights between the Glaſſes, where the opening is 
greater or leſs, it forms the common Hyperbola CGF ; one of whoſe A. 

tymptoles E F is the Line on which the Surface of the Mercury in the 
Box, touches the inner Glaſs; the other is the Line AC, in which the 
Planes are joyn d 1 5 E | 


: _ ExrERIMENT 5. PI 3. Fig. 24. 


' AB is a perpendicular Section thro two glaſs Planes puny at A, and 
open d to a al Angle at B; C repreſents a pretty large Drop of Mercury, 
the larger the better, which (being made to deſcend as far as C, by holding 
the Planes in an erett Poſture, with the End A downwards) retires from the 
contact of the Planes to D, upon inclining the Planes towards an horizon- 
tal Situation; and the Diſtance C D becomes greater or leſs, as the Planes 
are more or leſs inclin'd towards the Horizon 


20. [30—As the Cube and a quarter of the increas'd Diftanct—the Magnetical 
Attraction, &c.] That excellent Philoſopher Dr. Brook Taylor made ſome Expe - 
riments with a touch'd Needle and a large'Load-ftone that is kept in the Repo- 
ſitory of the Royal Society, which, when made at ſome Diſtance from the Stone, 
agreed very well with this Aſſertion; but near the Stone, the magnetick Virtue 
did not ſeem to act according to thoſe Laws, which might be owing to this, 
viz. That that Stone rather ſeems to be an aggregate of Load-ſtones joyn'd to- 
ether by a petreous Subſtance not magnetical. For, ſince that Time, by 
ome Experiments made upon it, I found that it had 15 Poles (if T nuy 
_ uſe that Expreſſion) or Points where the Attraction was ftronger than any Wl: 
where elſe ; which Experiments, and ſome others made upon weak Load- 
ſtones, made me imagine that every Load-ftone had ſeveral Poles, or Points 
of Virtue on the North ſide, and ſeveral on the South fide ; whoſe Virtues ⁶ 
being collected by the Iron wherewith the Stone is arm'd, made an arm'd 
Load-ſtone ſuſtain much more Tron or Steel than the fame unarm'd. But 
by Experiments made fince, with ſome. good Load - ſtones, eſpecially, WW 
with a Stone of about ſix Ounces, belonging to the Right Honourable the 
Lord Paizley (one of the beſt in the World) I found that a good and ho- 
mogeneous Load-ſtone has but two Poles. 


21. [31,— 4 


A urſe of Experimental Philofophy. 2. 


21. [31.— 4 repellent Power in Bodies, &c. ] See s Graveſande Introduction, Annotat. 

Part 1. from No. 40 to 44. When Light is reflected from a poliſh'd ſpe- Lea. I. 

- cular Surface of Glaſs, Cryſtal, or Metal; the Particles of Light do not firike WW 

= upon the ſolid Parts, and ſo rebound from them; but are repelled from the 

Four face at a ſmall Diſtance before they touch it, by a Power extended all 

=_ over the faid poliſh'd Surface. See Sir Ifaac N ewton's Optics. Book II. 
Pa Ill Prop. 8. C 
The Rays of Light are alſo repell'd by the Edges of Bodies as they paſs 
near them, ſo as to make their Shadows, in ſome Caſes, larger than they 
wou'd otherwiſe be. See the ſame Author, Book III. Part J. where he like- 


= wiſe proves this repulſive Force from other Phenomena. 
22. [37— The ſame Part of the Tube will not ſnap or give Light tawice to- 
gether, in the ſame Place, without a new Friction.] By cauſing the Tube to 
ſnap at the Approach of the Fingers, or any other ſolid Body near it, the 
Electricity of it in that Place is alſo deftroy'd ; from which we may eaſily 
| ſolve a Phenomenon mention'd by Dr. £Grave/ange in his Introduction. Vol. 
II. RET. Io oO THe VCC 
e There is one thing remarkable and very hard to explain in this Expe- 
| « riment, concerning the Direction of Attrition; when you rub the Tube, 
| « one End is held in one Hand, whilſt it is rubb'd with the other; which, 
« if it be done from the Hand that holds towards the other End of the 
« Tube, the Effect will not be ſenſible ; but if you rub from the free End 
« of the Tube towards the End held in the Hand, the contrary will hap- 
« pen. And this happens indifferently whether you hold the open or 
et ſhut End of the Tube in your Hand. . 1 
To explain this, let us examine the Experiment by help of the reth 
Figure of Plate 2. A is the Right Hand that holds the Tube, and B the 
Left Hand that rubs the Tube, which, after moving up and down ſeveral 
times, makes an end of the Attrition by moving in the Direction CB A, 
the laſt Stroke: Then the Tube brought near light Bodies (Plate 2. Fig. 11.) 
gives Motion to them. If the laſt Stroke in rubbing be made by the Moti- 
on of the Hand, from A to C, and the Hand B that went up to C quits 
the Tube in the Direction C D, without coming near it again, or letting 
the Coat-ſleeve come near it, the Tube will act upon light Bodies with the 
ſame Vigour as before. But if the Leſt Hand, after it is come off at C, is 
brought down again careleſsly, in the Direction C E, in a Line Parallel to 
the Tube, and pretty near it, either the Hand or the Coat-ſleeve coming 
down too near, cauſes the Tube to ſnap (which is not heard without Atten- 
tion) and ſo deſtroys the Virtue excited by Attrition, in the whole Length 
of the Tube; as the Hand A (Plate 2. Fig. 13.) does in the Place A where 
it cauſes a Snapping, which, as I ſaid before, will not happen twice in the 
ſame Place, without a new Friction. pe OW Ws Op: 


23. [41.—4 Glaſs Globe whirPd, &c. J I cannot forbear mentioning here 
a very ſutprizing Phenomenon in one 8 Mr. Hauksbee's Experiments. w 
. coat 


5 FTE 


"a 


Annotat. coated with Sealing-wax the Inſide of one. Hemiſphere of one of his Glaſ 
Lect. I. Globes to ſuch a Thickneſs, as to render it perfectly opaque: Let when this 
WY NY Glaſs mas exhauſted of its Air, and whirl'd round; where the Hand was ap- 

g ply'd on the Outſide to give an Attrition to the Globe, the Wax became 


as tranſparent as the Glaſs it ſelf, the reſt of the Globe that had Wax re- a 
maining opaque, where it did not touch the Hand, though the Moment 


before it had been tranſparent as it paſs d under the Hand. 


A View of the 25th Hg. of Pl. z. will repreſent the Thing fully). | 


Ide Hemiß here ACB of the Glaſs Globe GAC B is made opaque, by 
being lin' d with Wax on the Infide, whilſt AGB is clear Glaſs, The Glais 


is exhauſted of its Air by means of the Cock D; then being ſet berwecn BW 
the Pillars EF, it is whirl'd ſwiftly round by means of the Wheel K, whoſe Bs 
String goes round a Pulley P fix'd to the Braſs Socket, whoſe Shank is the. 
Axis of the Globe. The Strew H draws forward the other Pulley I, to keep 


the Wheel-firing always tight, © _ Me 
When the Hand is apply'd at C, its. Inſide becomes viſible, through the 


| Wax on the concave Side of the lin'd Globe, the reſt of the Wax remain- 


ing opaque ; ſo that the Hand cannot be ſeen by an Eye at Q, but by an 
Eye at O looking at it through the unlin'd Part of the Glaſs at G, 


24. [42,. — Though the Cauſes of theſe Cauſes are not known, &c. When 
Genealogiſts, in ſearching into the Original of Families, are got as far as 
they can, and have found the firſt of the Family, fo call'd, becauſe they can- 


not diſcover who were his Parents: It wou'd be very abſurd to fay, that 

becauſe the Father of this Firſt (which for Example we will call Fob») 
is not known, therefore John is not the Father of Peter, the Grand-father Wa 

of William, and Great Grand-father of Nicholas, &c. Which was provid 


before, by ſuch Evidence as is proper in that Caſe, So when it appears by. 
Obſeryation that Gravity is the Cauſe of the Fall of heavy Bodies, lick 
obſerve certain Laws in their Motion — That a heavy Bod by its De- 
ſcent moves the Axis a of Wheel, that carries round another by its Teeth 
which by the Intermediation of other Wheels and Pinions, carries ee 
a Hand upon a Dial-Plate to meaſure Time, or for other Uſes; it wou'd 
be very unphiloſophical to ſay That our Reaſoning about the Cauſe of 
the Motion of the Hand is falſe, as being founded upon occult Qualities; 


7 5 we can go no higher than Gravity, whoſe Cauſe we don't pretend 
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| tion which cauſes this Change of Place in a Body; but the Force 
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HE Momentum or Quantity of Motion in Bodies (fome- Le&. IT. 
times calld ſimply Motion) is that Force with which Bo 
www p . ̃ ̃ͤ ͤ ria, 
I pon?T mean the Stroke, Preſſure, Traction, or any other Ac- 


which it has all the while it is moving from one Place to another. 


2. Tris moving Force may always be known by the Effect which 


tt is able to produce; that is, by the Stroke which the moving Bo- 


Ay can give, or by the Reliſtance or Obſtacle which it is able to o- 
vera,, i re be ef a ITED 


3. Tais Quantity of Motion, which is the Meaſure, of the Force, 


bs made up of the Quantity of Matter and the Velocity taken toge- 
ther. That is, when we compare the Momenta, moving Forces, 


Wy city of Matter in each Body by its Velocity *. 


the Parts; and therefore (as we. laid before) it becomes doubled in 


or Quantities of Motion in Bodies, we multiply the Maſs. or Quan- „ 


4. Velocity or Celerity, is the S wiſtneſs with which a moving 
| Body changes its Place; and may always be known by the Space 
| that the Body goes through in a given Time. 


5. Tun Quantity of Motion may be encreas'd.; either by. encreaſ- 
| ing the Quantity of Matter, which 1s mov'd with a determinate 
Velocity; or keeping the ſame Quantity of Matter, and encreaſing 

the Velocity; or by encreafing both. — And in the three Caſes it 

| 15 done by apply ing more Force; for here * Force and Mot ion mean“ Annot. 2. 
EN Thing. mmm pts, IS 


| 6. Tux Motion of any Whole, is the Sum of the Motion of all 


a double Body mov'd with equal Velocity, and quadrupled. in a 
double W Oe WH a double. Nee. 1 44 
= 7- Iz a Man with a determinate Force throws from him a Weight 
of 50 Pounds to the Diſtance of ten Feet ; he muſt apply twice the 
0 2 5 G2 | Force 
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108. u. Forch1 to throw a Weight of 100 Pounds to the ſame Diſtance; or 


to throw the 30 Pound Weight t ice as far; but if he uſes no more 
Force than he did before, he will throw the 100 Pound Weight 
only to the Diſtance of 5 Feet, and then the two Bodies will en 
the fame Quantity of Motion; becauſe 530 multiplied 22 N 
100 5 by 5, give the ſame Produtt, vir. 0 x: 


* PERIMENT J. Ph 4. Fig. 1. AT Ter, 0 8 3 1. 


8. ABC DE i is an + Inſtrument e for oftricibs what a 3 
been ſaid, and diſtinguiſhing Motion and Velocity, which ſome W 


Authors have confounded. The rabbeted Cheeks BD, CE, are ſo 
contrived that the ſmooth cylindrick Weight K or L (the one of 8, 


the other of 4 Ounces) may move between them with very little 
Friction. Let the Spring AB be bent to a certain Degree, by flip- 


ping the Knot G of the String faſten'd to B upon the Carch of the 
Iron F; then lay on the Weight L at B, which upon letting go the 
Spring, by lifting up the Knot, will be ſhot from B to the Point J, 


which is 24 Inches from B. Tf the Cylinder K be ſhot i in the ne 


Manner, it will go but to H 12 Inches from B. 

TH4AarT the Quantity of Motion is the fame in both Bodies, is e· 
vident, becauſe the Spring is equally bent in both Caſes; and that 
thoſe Quantiries of Motion are made up of the Maſſes mutiplied 
into the Velocities is alſo evident, becauſe L= 4 Ounces X by BI 


(24) its Velo gives 96, equal to K 0 Ounces) * BH (12) 1 Its 
Velocity. | 


Bur if you would have Kdriven as far as the Point I, to which 3 
L was driven; the Spring muſt be bent with a double Force; and 


then K will have double the Motion that it had. N. B. 7 his Ex- 


Per iment is made uſe 2 rather 70 illuſtrate this Matter than to 
Prove : 16. 1 


"a Wo NCE it follows. that a any little Body may aus as TENTS No- 


1 1 great one, be their Diſproportion what it will; provided 


that the Velocities that are given them be reciprocally pro ortio- 
nable to their Maſſes; that 1s, if the little Body has as mucl more 


| Velocity than the great one as it has leſs Matter. = 
This is the Reaſon why, ſince the Invention of Gag eck, 3 


battering Rams have been diſus d in War; for thoſe and other hea- 
vy Machines managed by a great many Hands, and moy'd againſt 
a Wall with Tn kbar wt did no more than now is LE by 
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a ſmall Cannon- Ball, three or four Men only being employed to LeQt. II. 
nanage the Cannon. If the Ball B weighing 36 Pounds be ſhot 5 
out of the Cannon C, againſt the Wall AHG E To as to ſtrike it A Pig. 8 * 
Il, it will produce the fame Effect as the battering Ram R, which * 

W weighs 41112 Pounds; provided. that. the Cannon-Ball moves as. 
many times ſwifter, as it has leſs Matter than the Ram. See the 
| Calculation of it in the Notes . i An. 3. 
WT Light, it would ſtrike as ſtrongly againſt an immoveable Obſtacle: EE... 
as a Cannon- Ball 700000 times as big; becauſe Light moves 700000. — 
times faſter than a Cannon- Ball. Light is about 8 Minutes coming 
from the Sun, and a Cannon Ball wou'd ſpend ten Years in going 
: = thro? | the (: am 2 Space. ; 31 | 8 5 2 e ; 3 > x 1 ; 4 WY f ſj | A 1 T- | p 1 | 4 : - ? 7&2 


10. As the Quantity of Matter in a moving Body, multiplied by; 
its Velocity, gives us the Quantity of Motion: So the Quantity 
of Motion divided by. the Velocity, will give us the Quantity of 
== Matter ; but if it be divided by the Quantity of Matter, it will give 
us the Velocity. If ſeveral Bodies of different Weights move with 
== cqual Velocity, their Motions will be to one another as their Quan- 
dye Mart, , OY ett TIRE Fan EQ: 36s. Of Bis. - 
,, ß 691} Tad pe." HOW VVV CC TEL wg oy < > Hap 
| 11. HENCE may be deduced an unanſwerable Argument fora Fa- 5 C 
| cuum. For if all Bodies, abſtracting from the Reſiſtance of the | 
Air, move downwards with the ſame Velocity, as has been proy- | 
ed *, their Motions compar'd will be reſpectively as their Quanti- L. 2. 
| ties of Matter; but the Motion downwards, or Force which drives No. 8,9. 
them to the Earth, is their Cravity; therefore we find the Quanti- „ 
ty of Matter in any Body by its Gravity, Which muſt always be „ 


7 


proportionable to it. Now if two Bodies of equal Bulk weigh dif- 
ferently, as we find by Experience they do, there muſt be Vacuities 
interſpers'd in the lighter: As for Example, if there be two Inch 
Cubes A and BY, and the Cube A be of Silver, whilſt the Cube; Plate 3. 
Bis of Cork; it will be found that A weighs 40 times more than Fig. 7. 

= B, therefore B has 40 times leſs Matter and ought to be 40 times 
leis in Bulk, if it had no Vacuities; for if it beanſwer'd that the Voids 

or Pores of the Cork are filled with Air and ſubtile Matter; that 

Air and ſubtile Matter & together with the Cork ought to weigh* Ann. & . 
| as much as the Silver; or elſe the two Cubes cannot be equally 
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5 one as it has lefs Matter, and then its Force being equal to that 
redctions; becauſe then equal Forces will deſtroy each c 


the little one; then the Velocity of the little one (which in this 


Yelocities reciprocally proportionable co their Vries. 


Ich; and fince the Velocities being equal; the Quantities of Mo- 


* No, 10. 
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Lect. II. 12. Tux whole Effect of mechanical Engines (whereby Moti- 
on bs given or ſtopp'd, or a Reſiſtance is oercome) depends up. 


Pounds hangs by an immoveable Hook at 'A, and we would fuf- Bu 
tain or keep it in Æquililrio by means of the Power or ſmall 
- ,,- Weight E of 56 Pounds; it is plain that it has not Fo ugh 
at E to fuſtain the Weight W, becauſe in the Motion of the Leaver WW 
the Point E and A will defcribe not only fimilar but equal Arcs 


z equal to the Prot 


diminiſhing the Velocity of the Weight in bringing it forward to 
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© Tr a great Weight is to be ſuſtain'd by a little one, we 


trive to give the little one fo much more Velocity than the great 


of the great one, it will ſuſtain it, if they move in contrary Di- 

| ther. This Wl 
is done by the Contrivance of the Engines, and Manner of apply- I 
ing them. For if the Velocity of the great Weight be determin'd ll 
as well as its Quantity of Matter, and the Quantity of Matter in 


* 


Cale is called the Power) mult be encreaſed in the Proportion 
aboye- ment ion d. But if the Velocity of the Power be determin d, WM 
then that of the Weight muſt be diminiſh'd in the ſaid Proportion: 
The Engines for thoſe Purpoſes being always fo contriv'd, that the 
Weight or Power may be applied in ſuch manner as to render their i 


z N ; 7 s IS 5 
* * ' * I # 5 1 2 . 
5 2 * ; ; 4 ; z ; F x Sea 
4 7 5 4. 1 8 y 4 f — * 7 1 of K 2 - + . ö + n 5 
4 1 N ; ; . 3 2 I * — F 4 HS 3 ** 1 — i * 
* > 5 4 x 8” * ; ot 7 # N 33 S ” ; f p2 * p * N ©: 7:4 : 8 BS 5 
4 E | | * 3 8 b 0 40 5 : „ A Fw # 
; N : f 5 s : SY e 
: 35 67) K 3-4 * 


e 
EL 


13. LET AB bea Leaver or Balance divided into 20 equal Parts, 
whoſe Center of Motion is at C; it the Weight W of 200 


in that it has not Force enough Wl 


Ee and A 4; ſo that when, W moves 1 Inch, P will onty'move 1 Wi 


overpower, as having'4 times the Mats of P. But if Phe re- 
moy d to B, then it wilt deſcribe an Arc ſimilar to, but 4 times 
greater than that which W deſcribes; that is, it will deſcend 4 

times, faſter than W riſes : If then its Velocity be 4, and that of W 


tion or Forces are as the Maffes ?“, rhe Weight W will-always Wl 


— Co im 1 


only 1, þ u ned by its Velocity 4 will give 200; which 
duc of W, or 200 multiplicd by its Velocity 1. 


14. Bur if the Power P had been immoveable at E, and the 
Weight W moveable ; an Ægquilibrium would have been had by 
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15. If both the Weights had been moveable, and P had 


” p 
: TY 
90 * 1 » 


12 Pounds and an half, chen the Velocity of P. muſt! have/jencreas'd —— 
by removing it to B the 16th Diviſion, at the ſame time as that of 


W ther Side of the Center; 
(i) which is proportionadi 


== W was diminiſh'd by bring git to D the firſt Diviſion on the o- 
for then W (200) multiplied into DC 
to its Velocity, wound have given 


= 200, which is equal to the Product of p (123) multiplied into BC 


(ee) its Diſtance; from the Center, which expreſſes its Velocity. 


ltr therefore the Power has a little more Velocity given it, than in 


a reciprocal Proportion of the Maſſes, it will have more Force 


can the Weight, and conſequently raiſe it, whereas it only fu. 
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tain'd it before. 
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does not exceed 200 : 
| as to. raiſe a Stone of 2000 Pounds by applying his Leaver ſo as to 
render the Velocity of the Stone ten times leſs than that of his 


Body at the oppolite End of the Leaver, which in that Caſe will 


be ten times farther from the Fulcrum or propping Point, than the 


Place where the Stone is applied. For if a Man by his natural 
Strength can raiſe 200 Pounds with a determinate Velocity, there 
is no Engine in the World that ſhall enable him to raiſe 2000 
| Pounds with the ſame Velocity; but he muſt do it with the z0th 
Part of that Velocity. If he muſt employ lo Seconds of Time to 
| raiſe 200 Pound 10 Foot; and wou'd raiſe a Stone of ac Pound 
Weiche by a Leaver whoſe Brachio (or Lengths on-cach fide the 
Center of Motion) are as 10and'1; he muſt move 10 Foot at the 


End of the long Brachiam of the Leaver whilſt the Stone moves 


Foot, which comes to the ſame as if the Stone being cut into 10 
Pieces, each of them was ſucceſſively liſted up one Foot by the 
ame Labour as when 


ame Man, who'wou'd do it juſt with the ſ 


A 


*ounds, ſhall acquire ſo much relative Borce 


E | he rais'd it all at once with the Leaver *. 2 142 Ann. * 


is cannot alter Nature; where we won'd gain 
= /: loſe Time; and where we wou'd gain Time, we 
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Lect. II. then if the 4 
-— more Matter added to it, till the Product of its whole Maſs mul. 


Ann. 7. ons *; and then the Power muſt be conſiderabl 
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Power is not ſufficient to raiſe the Weight, there muſt be 


tiplied into its Velocity be equal to the Product of the Maſs of the 
*P1.4 Weight into its Velocity. If, for example, the Weight * W til! 
Fig. 3- ſuppoſed equal to 200 Pounds be fixed at A, and the Power ꝓ equal 
only to 12+ Pounds be fix d at B; it will not be poſſible for the ſaid 
Poder to ſuſtain the Weight, till its Quantity of Matter be qua. 
drupled to make it 50 Pounds, and then 30 X 16 will be equal 
to 200 X 4; becauſe here the Diſtances are as the Velocities. 
 SomETIMEs it is requir'd to give a heavy Body or Weight : 
conſiderable Degree of Velocity, as when the Ancients uſed to throw 
great Stones with thoſe kind of Baliſiæ which they call'd Scorpi. 
greater than the 
Weight; for as it is applied nearer the Center of Motion than the 
Weight to be thrown, it muſt be heavier in a reciprocal Proporti- 

on of thoſe Diſtances when the Weight is only ſuſtain'd, and much 
* Ann. ibid. heavier to give the Projeckile Body a ſufficient Velocity x. Bu: 
ttzheſe Things will be better underſtood as we come to conſider the 
mechanical Powers and the Uſes of fimple and compound Engines; 
in order to which-we'muſt explain ſome Terms, and take notice of 

ſome Truths neceſſary to be known by every Engineer. MW 
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18. A Weight is any Body to be ſuſtain'd, raiſed or depreſs d 
puſn'd or drawn, or-moy'd in any manner; ſo that the Expreſſion 
Fo raiſe a Weight is very extenſive in the mechanical Senſe; 3 
ſometimes it is applied to the driving a Pile into the Ground; ſome 
times to the ſtopping of a Body in Motion, as the running of 
19. A Power is whatever is made uſe of to raiſe a Weight in tie 
Senſe above- mention d, whether the Power it ſelf be a heavy Body, 
"a Spring, the Motion of Water, Air, Smoke, Flame, or Preſſut 8 
of Steam excited by Fire from Liquids; or the Force of any 4- 
nimal, acting by its Strength or Weight, or botn. 


20. Tas Intenſity of a Power is its abſolute Force, that is, its 
"Force, ſuppoſing its Velocity ual to that of the Weight; for is 
Moving or Acting Force may be greater or leſs, according as its 
Velocity isencreas'd or diminiſh'd, in reſpect of that of the Weight 
As for Example, 555 . 7 3 „„ ͤ 1H 


* 


A Courſe of Eeperimental Phioſphy. 


Tra Man be the Power, and can raiſe from the Ground a cer- Led. u. 5 
tain Wei 2 that Weight will expreſs or be equal to the Inten- 
ſity of the Pouur; for in this Caſe, whatever Engine be made | 

7 of, that Part of the Engine, where the Weight is duly applied, 

will move juſt as faſt as that which a Man aQs upon wich his 

whole Force. So if a Man can preſs upon the Point E, at the 

th Diviſion of the Balance AB * with the Force of 200 Pounds, pt + Fig.3. 
he will juſt ſuſtain the Weight W, or 200 Pounds, hanging pre- 

ciſely as far on the other Side of che Center or Motion. 


21. T HE Line of Diredtion i is that Line in | which, a a Weight e or 

Power acts, or endeavours: to an af YET. Ann, 8. 
22. ye Power may ac in any Direction e bot a Weight 

has but one Direction, which is towards the Center of the Earth, 

in which Direction all heavy Bodies endeavour to deſcend, cer 
a cdually do, when no Obſtacle hinders: So that the Line =. 347. = 
Direction of a Weight is a Line drawn from i its 5 Center of Gravity 
| to the Center of the Earth. e e e ee 


23. Tus Center of Motion i is that Point ond which a Bod yo or 
a Machine moves, or endeavours to move when it cannot or does 
not turn quite round; and in that Caſe, all the Points of the 
Body deſcribe Circles, or Arcs of Circles, about the Center of 
Motion. This Center may be taken ay where nn to the 
Mate of the Engine. . 
44. Tux Center of genie is a Poisk FR which all the 
Parts of a Body are in Æquilibrio. It is conſider'd as the Middle 
of the Weight of the Body, though often it is not the Middle of 08; 
the Body it ſelf; and if the Body be ſuſpended by that Point, it 
== will hang in any Poſition; therwiſ the n, of pry Der „ 
1 deſcend as Ny as it can. Refer 
* . | 0 


Errzziszun in. P. 4: . Fig. 4 4. eee 


” a * 
— 
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235. BQ is a round Board ſuſpended by its Center c on. ths 
Points of the ſpringing Calibers A. In turning the Board round, 
the two Marks made upon it K and Q, deſcribe the Circles K, „ 
and Q round the Center of Motion C, which is here the 8 - = 
rr of — If the 8 of Motion was * me N f 


Let. II. 


Fig. 5+ 


Line AB. Hang on the Plummet at E, and the Line ED under the 
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Point which is not the Center of Magaitude, as at c &, ſtill K and? 9 


Q would deſcribe Circles about the Center of Motion, though 


the Center of Magnitude wou'd not then be their common Cen- 
ter, but itſelf would deſcribe a Circle as C d about c, the Center 


of Motion. If the Body ſuſpended does not go quite round, as 
here the Side R ſtops againſt the Top of the Calibers at 9; inſtead 


26. Ir C * be the Center of Gravity of the Body, and the 


then remain at reſt ; but if the Body be ſuſpended by c, * which is 
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deſcend as low as it can to C Pi 
Bor if e * be the Center of Gravat 


# 
- 


the Center of Motion K, the Body will remain” in that Poſition, 


becauſe as. the Center of Gravity. endeavours to deſcend 1n the 


Line c K, which is the Line of Direction of the Body. (in which 
Line the Point K is ſupported) it preſſes directly upon the Point K, 
Vchich is ſuſtain'd by the Calibers; 62 of #6 Bod le maved ever i 

e little, fo as to hring the Center of Gravity. c towards d or 6, 
the Body will turn and nat reſt till the Center of Grauity comes to 
M directly ander the Canter of Motion, tlie Body falling into tb 


2 % 
o . bl . 
4 4 & s 
Og X's. Ws 5 ? , 
* 8 * * . 


Ex EINEN T IV. PI. 4. Fig. 8. 
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whoſe Center of Gravity is to be found. K it be ſuſpended by 


be under, or rather behind that Line; becauſe it will fall below the 


Center of Motion A; Let that Line AB be marked upon the Body, 
as in Fig. 9, and then ſuſpend the Body by any other Part, as F; 


provided that the Center of Motion be not in the ahove · mentioned 


Plumb-Line FP wilkcut the Line AB, and ſhew the Center of Gra- 


viry to be at C;; for ſince it mult be both. in dhe Line AB and in 
the Line ED it can; only be in the Point C wl 


, | N. B. 


of Circles, the Points Q, K and C deſcribe only Ares of the 


Body be ſuſpended: by it, and made to turn round that Point, it 
5 7 0 * ; 5 + ® 4 5 15 
may be ſtopp'd in any Poſition of the Points K and Q, and it will 


. Hanes may be deduc'd s. Mesbed for Gadivg the Center Wil 
of Gravity of any Body mechanically *. Let AB F be a Body BW 


1 8 


any Part as A, fo as to move freely upon the Pim at A, and a Plumb WW 
Line AP hangs from the ſame Pin, its Center of Gravity C muſt 


WP £ _ 


ror nor here confided the Thickne/s of the Body ; Lett. HI. 
but if we ſuppoſe ir n Piece of Board ar the Figure repreſents ; VV 
then we mu only make the ſame Experiment on the other Side, 
| and we hall find another Pont C nft-oppoſite to the firſt Poiny 
C. The Line which joint theſe two Points will be the Axis of 


Gravity, aud the middle of that Line the Center of Gravy. | 


28. Hencz alſo follows, That let the Figure of a Body be 

hat it will, the Body can't fall when its Center of Gravity ts 
ſoſtain'd ; and when any Body is in ZEqmiiibrio, its Center of 

| «Gravity maſt be in a Line which goes thro? the Center of Mo- 

| tion and the Center of the Earth; which is the Line of Direction of ß 

heavy Bodies mention'd before l. Thus in Fig. 7. + where the 22. 
Tobacco- pipe is ſuſtained in Mguilibrio upon one's Finger, the t Pl. 4. 
Point C juſt over'the Finger is the Center of Gravity. 5 
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el enen . 
| 9. In Bodies that are both regular and homogeneous, the 
Center of Gravity is juſt in the middle of the Body; that is, in 
its Center of Magnitude; as appears in the Body AB *, which * Plate 4. 
being ſuſpended by its Center of Magnitude C, then turn'd Fis- 4 
round, will remain in any Poſition in which it is ftopp'd ; but in 
#1g.5.* where the ſame Body is ſuſpended by another Point 7, it * Plate 4. 


| 5 
„ 
* 


” 


will not reſt but When the Point C is come down below 7, or is 
directly above it, as we ſaid before. But if the ſame Body, Which 
was ſuppos'd a circular Piece of Wood (as for example of Oak ) 
be denſer in one Part than another, or be made ſo by lettinga 
Piece of Lead into the Wood as at M (Fig. 6. * then the Cen- * Plate . 
ter of Gravity will no longer be at C, but at K; about Which 
Point of Suſpenſion only, the Body will remain in any given Poſiti- 

on, If the Body was ſuſpended by the Point C, it wou'd be at reſt 
only in two Poſitions; viz. when the Lead being carried up to / 
the Center of Gravity is at *, or when the Lead is at M, and - ,, 
= the Center of Gravity at K *. If the Body was homogeneous“ 24. 
but not regular, the Center of Gravity wou'd alſo then be diffe- 
rent from the Center of Magnitude. As for example, If you take 


the Pipe of Fig. 7, * and break it at Cits Center of Gravity, * Plate 4. 


you will find by weighing the two Pieces ſucceſſively, that there 


is more Matter in the half CB, than in the other half or _ 
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Lect. II. 30. As any Body that we conſider in Mechanics, is only an 
Aggtegate of ſeveral other Bodies or Parts: So the Center f 
 . Gravity of a Body is only the common Center of Gravity of all 
83 its Parts; and conſequently if ſeveral Bodies are united in an 
Machine; or if there be any Combination of Bodies to be ſuſtain- 
ed, regard is no longer had to the particular Centers of Gravity 
of the ſeveral Bodies which make up the Compound, but only to 
the common Center of Oar of the Whole. Thus a Wind- 
mill muſt be ſupported under the common Center of Gravity of 
all its Parts, and its Line of Direction muſt fall along the Axis 
of the Poſt round which it moves: And a Crane upon a Wharf 
- _- ora Dock 4 5 the whole Machine turns round) muſt have 
| * Ann, 10. the Line © | T V 


Direction in its Axis *. 


- 
* 
* 


. 5 e ores 004"; I ons ERS T . ors 95 Fo Ds 
£1 JJ. . ORE 
3 EIT VERNE | od J A IRS HE [OSS ER TN ESPE STI Spas 


Exyzxinent VL PII FE. 0 


3. Let the Line AB repreſent an even Rod or Wire divided 
' Into two equal Parts at the Point C; its Center of Gravity will: 
% be at C. And if two equal Bodies equally heavy are thruſt on 
*29, upon its Ends, ſo as to have their Centers of Gravity at the ſame 
Diſtance from C, they will be in Æguilibrio about the ſaid Point 
which will then become their common Center of Gravity, and 
continue ſo whether the Bodies approach nearer to, or recede 
farther from it in Proportion to their Maſſes. The fame. will 
happen if the Bodies are unequal as A and &, whoſe Maſſes are 
to each other as Two and One, provided that the greater Body be 
at A twice nearer to the common Center of Gravity c than the 
lleſſer Body 5: And c will ſtill be the Center of Gravity of thoſe 
Bodies, tho” they ſhou'd move. to immenſe Diſtances from each 
other, provided their Diſtances from the ſaid Point are recipro- 


cally as their Maſſes, as we fd before. 


232. 80 that when two Bodies approach towards or recede from 

each other, with Velocities reciprocally propor tionable to their 
Maſſes, their Center of Gravity will remain at veſt. And if the 

Bodies being made faſt ugon the Wire, the Center of Gravity be 

fuſta in d by a Pivot or pointed Breach, how ſwift ſoever the Bodies 

be made to turn round the Center of Gravity and each other, the 
Ann. rx. Center of Gravity will remain at reſt *, and the Bodies will de- 
5 ſeribe ſimilar Circles about it and about each other, the one 
4 never over-powering the other *, If they be carried forward in 
ED any 


$ 
x 
4 


my manner by any external Force acting upon them in propor- Le 


tion to their Maſſes, their Center of Gravity will go forward uni - 


formly in a right Line, and move juſt as if the two Bodies were u- 
nited into one at the ſaid Center: And if they be projected, their 


Center of Gravity will move in the ſame Curve as all Projectiles | 


do, whether in their Motion they turn round each other or not.. 


This is evident in the Motion of an Arrow, of Chain-ſhot, or 


Bar-ſhot, and of a: Stick thrown from the Hand, the Center of 


Gravity of any of theſe Bodies moving in the ſame Manner as a 
= ſingle Ball wou'd do. So the Moon and Earth, in their Motion 
round the Sun, do neither of them deſcribe the Magnus Orbis; 


but their common Center of Gravity deſcribes it, in the ſame man- 
ner that they wou'd do if they were both united in that Point, or 
| 7 


in the ſame Manner that the Earth alone is ſuppos 
theſe Inequalities of Motion are overlook'd, and provided that 


their Diſtances from their common Center of ee Sir reciprocal- - 
from each other 


ly proportionable to their Maſſes; their Diſtances 
may be greater or leſs in any Proportion: If there were no o- 
ther Bodies in our Syſtem but the Earth and Moon turning round: 
each other, their. Center of Gravity wou'd always remain at reſt. 


= 33. Ir to the two Bodies A and B there be added a third at D*P1, 4. 
= cqual to one of the other, let & and B be reduced to their common Fis. 


Center of Gravity, and be conſidered as a Body equal to both placed 
at C; then the common Center of Gravity of C and D will be found 


at K *, as much nearer to C as the Maſs of the Body or Bodies at * 3t-. 
Cexceeds that of the Body at D. If the new Body weighed but half 


as much as the others, it muſt be removed to 4; ſo as to have the 
Diſtance K 4, quadruple the Diſtance KC. Now if CD be a 
Wire, and it be ſupported under K, the three Bodies, whether D- 
or & be made uſe of, will be ſuſtained by that means; only in ta- 


king the Center of Gravity exactly at K, we muſt not conſider the- 


Weight of the Wire, whoſe Thickneſs we are to ſuppoſe diminiſh-- 


ed in inſinitum ſo as to look upon the Wire only as a. Mathemati- 


cal Line without Subſtance or Weight. 


: ExrERI MENT VIII. PI. 4. Fig. 12. —— 
34- Is: upon this Center of Gravity of the three Bodies, be pla- 
ced a flat triangular Body a6c with its Center of Gravity juſt: 


_ . oyerr 


d to do it, when 


Lect. II. 


Pl. 4. 


Fig. 10. ; 


* Pl. 4. 


Fig. 13. 


the Sun's Center. 


ſtance A 


36. Ir often happens that the Center of Gravity of a Bod) 


1 „ 4 


of a Syſtem of Bodies, is not within'the Body itſelf, or any Why E | 
the combined Bodies; yet we are to have the ſame Regard to its 
Support, Deſcent,” or Motion in any Direction, as if it was, A; 
for example, let us ſuppoſe the Bodies A and# * to be at the D. WW 
Ab from each other, and that 26 is no longer a Wire but 
Ab isa Line repreſenting their Diſtance; we ſhall find their Cen. 
ter of Gravity to beat c without the Bodies. And if inſtead of tle 
Wire CD we ſuppoſe the Body P joined to the two Bodies 4 


of Gravity K will (if the Bodies hang freely) come juſt under it; 


or if we ſupport the Point H, the Bodies will be at reſt by reaſon WW 
ol the Center of Gravity being juſt over H the Center of Motion. 
In the Ring ABH* the Center of Gravity is in no Part of it, but 

it may be ſupported by any other Point as O or E, 5c. Upon this 
Account the Ring of Saturn has its Center of Gravity in the Bo- 
dy of Saturn. And tho the common Center of Gravity of the 


— 


Sun, Moon, and Earth is within the Sun's Body, yet the common 2 
_ Center of Gravity of the Moon and Earth is in neither of the 
"Bodies, -but Setween-rtem © © 


and B by the Wires AD and BD, the Center of Gravity at K wil 
be neither in the Bodies nor Wire; ſo that if we wou'd ſuſtain the 
{aid Bodies we mult ſupport ſome one of them, or ſome Part of the Wil 
Wire as G, which being made the Center of Motion, the Center 


ſquare one a8 4e fg, then a cireular one as 51. 
al in the fame manner; ſtill the whole will be ſuſtaiſ d by ſupport 
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36. 


exar 


PR. tho? thoſe Ends are raiſed up to the He 
Screws FG; and by that means will ſeem to move | 
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1 
WO as 7 5 
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Motion be in 
or Bodies will remais in that Pojut 
will deſcend , as 
the „ 


Par 


F. SIxcE OE is the Line of Direction, it is evident chat in a- Lea. 3 
tion of a Body or of a Combination af: Bodies, IF the Point 
| of the Line of 


10 ; emo 


Sv exarodd Phermens « depend upon this Principle: as for | 
„the double Cone or Spindle ACBD * being laid on at E · Pl. , 


9 


\ * 


s FG by the two. 


And 


4. L 


on the lower Part of the Rulers EF will of itſelf move towards Fig. 14-.- 


Ki 
the Cylinder M*, whoſe Center of Gravity is in the Mid- wa bes Pl. 4. 
tween K and O, "All actually roll up the inelinꝰd Plane AC, pros Fig. 13. 
vided it be hinder'd from ſliding by the Rope ed op high af P. 14. 


may be in proportion to 
nc in preposaien tO. the. Cylinder 
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56 A urſe f Experimental Philoſophy; | 


Lect. II. Ox to expreſs it ſhort by Algebraical Notations A+B: B :: AB. 


Ad; but if we take A of 2 Pounds and 6 of 1 Pound, and A, 
He equal to 3 Feet, the common Center of Gravity will be at e with. 
in 1 Foot of A, or twice nearer its Center than the Center of 6; 


ter of Gravity of the Moon and Earth found, when once we know 
their Maſſes and Diſtances. The Earth weighs about 40 times 
more than the Moon, and the Center of the Moon is about 61 


Semi- diameters of the Earth diſtant from the Earth's Center; there- 
fore the common Center of Gravity of both is diſtant from the 
Center of the Earth almoſt one Semidiameter and a half, or near 
2000 Miles above the Surface of the Earth; ſor as the Maſs of the 
Earth and Moon (41): to the Maſs of the Moon (1):: ſo is their WW 


Diſtance (61): to the Diſtance of the common Center of Gravity 
of both from the Center of Gravity of the Earth, that is, 147 Se. 
: ' eee e the e HOP OD BO Af Leung 


38. Is there be more Bodies than two, as for example, the three 
Fig. 11. Bodies A, B, and D“; firſt find the common Center of Gravity. of Wl 


two of them by the foregoing Rule, and it will be at C; then ſay, 


As the Maſs of the two Bodies conſidered as united at C, toge- 
„ 1. e e Po ni fie Ie bg os 
N Ito the Body D:: "a 


Su CD the Diftance of the common Center of Gravity of A ard 


from the Center of Gravity of C: 


To CK, the Diftance of the common Center of Gravity of the three 


% 
* 


On in ſhort A+B+D: D:: CD: CK. And if there be a 
Combination or Syſtem of any Number of Bodies; their common 
Center of Gravity may be found, Step by Step, in the ſame 


1 55 dies from the common Center of Gravity of the two firſt. 


. 
1 


39. Hence follows, that one may alter the Place of the Center 
of Gravity of a Syſtem of Bodies, by adding one or more Bodies 

to it, or by taking one or more of the Bodies away. And the 
Center of Gravity of a ſingle Body may be removed at plea- 
ſure, by adding to or taking from its Maſs. And this is of 
ſingular Uſe in Machinery or that Part of Mechanics that relates 

_ chiefly to Engines, becauſe of the ſeveral Powers that are combin d 
10 8 . ) 


becauſe A- (3): b(1)-:: Ab (3): Ac (i). Thus is the common Cen. Wil 
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| 40. AB* 3 is a rolling Lamp that lids within it the two m * Pl, 5: 4 
9 DE and FG, whoſe common Center of Motion is at K, Fs. * 
where their Axes of Motion croſs one another, in which Point 

alſo is their common Center of Gravity. If to the: inward Circle 

you join withinſide the Lamp K C made pretty heavy and movea- 

ble about its Axis HI, and whoſe Center of Gravity is at C, the 
common Center of Gravity of the whole Machine will fall between | 
EK and C, and by reaſon of the Pivots. A, B, D, E, H, I, will 

: be always at Liberty to deſcend ; and therefore let the whole Lamp 
be roll'd along the Ground or mov'd in any manner, the Flame 

will always be uppermoſt, and the Oil cannot ſpill. Thus is the 
Compaſs hung at Sea; and thus ſhou'd-all the a prada be 
made that are carried upon a Pole before Coaches or Carriages A 
80 in the Night. „„ 


: Nez XII. Pi. 5. "Hes 3; ler 5 

| 1 inclin'd Bodies, ſuch as the oblique Cylinders ABE Dr, «pl, 5. 

ab ed, are ſet upon an horizontal Plane; they will fall the Way . 

that they incline, if in their Motion that Way, their Center of 

Gravity can deſcend without firſt rifing x. Thus c, which is the * 24. 

Center of Gravity of the Body:abed, will deſcendi in the Arc et, | 
= whoſe Center is the Point e, which is the Center of Motion of the - 2: raph, © 
Body when it falls. But C the Center of Gravity of the Body 
= ABED moving round the Center of Motion E in the Arc CK, 
= cannot come down to K without firſt rifing up to F which is a- 
= bove C; therefore the Body can't fall by its ata WONG; becauſe | 
= the Center of Gravity wil not "a of irſelf ee e hk aol * 24, 28. 
_ 4. Hamm it is obſeryable chat co wh Line, of Direction * 6f the a qa - 
= Body abed falls without i its Baſe: And CO the Line of Direction MP oo 5. 
of ABED falls within its Baſe ; whence it follows, thatcinalin'd. i +26 
= Bodies ſet upon an horizontal Plane will fall, when their Line of „„ 
Direction does not go thro' their Baſe ; but they will ſand when 755 


the Line of f Birecuön falls wirhin cheir Baſe * ee e e hogs * 


N "Tas. 


r 8 8 . 0 n es 2 
r IE Se 


Plate 3. as to appear 1 to thoſe that Walk at o ” ear its Foot, and 


Leck. . Tuns " the Reaſon ben, alia : Foijer; fob © as that 6 fa 
IS or Bologna, does not fall, tho its Top hangs fo far over the Baſe 


Fig. 3. dow t know u hat Prineiple it is ſafe. ü 1 
„ Pl. Fl 43. 17 Hl e thi lower Fart of the Body era" "7 ual, Gmilar, 
Fig: 2 1 + ad alike inclined, to the Bott ABED; it will not fall for the Rea. 

R ſon above · mentioned, ita Center of Gravit being then at Q; but Bl: 
a8 ſoon as the upper Part or Cylinder 2 TH is 15 upon it, and Wl 
made faſt by the Pins F Vi it bring up the common Center of Gra- 
vity to & and then the two (which are now become one Body) 
fall Dt ; but if HI ed being held faft, the upper Part 2b HI 
be ſet upon it; that Part will ſtand faſt without the Help of the 
Pins F; for as its Center of Gravity is at G, its Line of Directi. Wi 

en Will ge thre' the Plane HI which is now the Baſe of the Body Bi 
ab IH. But upon letting go HI ed the upper Part will” bring 
don the lower, and they will fall togther; beginning to move 
round the Center of Merion e, the common Carer me of Grayky 0 


ee Lee ee 


Bxepnrnear XL Pl . Fig.4 3 7 


"os OP in the Hand H be held u priglt: a Needle or ſharp p point- 
Fig. 4. ed roach as C, the Fork D, ble Center of Gravity is at D, K 5 
».6, ing ſet upen the Point of this Needle will be ſupported *, tl 

will be difficult to api it right; becauſe the Point of the Needle 
zs ſo ſmall a Baſe, that it will require a nice Hand te bring the Cen- 
ter of Gravity ſo directly. over that Baſe as to make the Line of 
An TY Direction go thro? it . But if another Fork, as B, be ſtuelt into 
the Handle of the firſt, and a third of the Weight with the ſe- 
cond, as A, be fuck uppen! ons Points of t firſt; Al ehe three will 

be ſuſtained. 
Tuk Line AB «hich goes tir the Denton of Gravity of the 

13 A and B, being biſſected at e, ſhews: that Point to be the 

common Center of Gravity of thoſe two Bodies: The Addition of 
„% the Fork D alters the Center of Gravity *; and cauſes the Point C 
| which is as near again to e as to D, the Oenter of Gravity of D) 

DW to become the common Center of Gravity of the three Bodies *. 

In this caſe the Bodies will be all ſuſtained by means of the Needle 
under D, becauſe the Center of Gravity is as low as it can be: On- 
tJ with this Difference; that in the Caſe of the ſingle Fork P, the 
Center of Gan (which was then over the Center of Ea 

1E 10 | 5 | | wou 


n 


tion of their Center of Gravity. Thus Whether the 
Earth move faſt or flow about each other, and their common 


DS 1 1 debe 42 pen! abe en and th n 5 che Fark 3148 * 5 
but now no Shake, but what is ſtrong enough to make D jump RD 


from the Point of the Needle le, can cauſe the Bodies to Ell, for if A LEY 4 5 


the Center ba Gravity be rais'd out of its +: Ma it always — 
turn to C the el Wen e to* . oe = 


on runs ns the 41 ported „ 


45. Since the Line « 


P oint under D, it — E hat a Body; or Syſtem of Bo its £21114 Hs, . | 


be ſuſtained (that is, their common Center of Gravity won t deſcend) 
when any Part of the Body which ir in the Line of 'Dirtttion ir 


ee, ; n wil 1 bene no IO 2 x on 1 11 1 0. bod | 


4. Wen 1 a , 


45. Is 5 a 4 FEE Tat om hs Bodies Fr, BY, or bath, pl. 3. 
they be made to turn round each other and round the Center c, Fig. 1 


in a Circle whoſe Diameter is AB; they will til be ſupported as 


before; whether they turn faſt or Howly round; and e D* I 


be heavy or not, in which latter caſe the common Center of Gra- 


vity will return to c; and whether D, C, or c be tlie Point ſupport- 


ed: Nay, if the Hand that carries the Bodies ſtands ſtill, or moves 
in a rig t or a curue Line, the ame will hold; that is, the Action 


of the Bodies upon each other (or in reſpe&t 1 to each orher) wil 7 
not be alter'd tho? they are carried along with their Center of Gra- 
vity: Neither will the Alteration of the Plane in 550 the odies. „ 


move (that is here the xiſing of A and ſinking of B, or the riſin 
of B and ſinking of A (as they turn) have any RG Rect | upon the ] —_ 
OON an 


Center of Gravity; and hether the Plane of the Moon's Orbit . 2287 TY 


be more or leſs inclinꝰd to the Plane of the Ecliptick, and Whatever 
may be the Change of that Inclination, the Motion of their com- 


mon Center of Gravi | | 
| be no PREY affected. FEMTS Ft; „V 


y <ul hich RINGS the, 7 . 19 7 ** 


e 71. 85 Digs. 


3 Body as AB*be ſet upon the Pedeſta Np, it ill fall, * Pl 5 


. becauſe its Center . Gravit can deſcend (in the Arc C 4) or, which ah * 
is all one, no part of it that is in its Line of Direction EG; is ſupport- 
=_ ed; but ifthe two:Awls L, M, be ſtuck into the ſaid B Body, their com- 
mon Center of Gravity being at & (in the Mid- way between Land 
= * will. "Ou back the a Center ol all the three 


Bodies 


, * N $3 9 1 E "IE. 
not fall P * EF; $ A * 4 „ 
"Fe 7 4 $3 5 2 1 FI 8 Fl as of 1 n 1 7 7 oF 
p „ 9 2 #4 „ NN „ * % ay I 
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* Plate 5, 48. LixEwist the Body AB * being fet upon the Pedeſtal AE 

Fig.6. would fall, its Center of Gravity moving round the Point M in 

the Arc C. But if an heavy Body, as D, be join'd' to-it ſo as to 

bring the Center of Gravity to K, then CO will ceaſe to be the 

Line of Direction; and in the Motion of the Bodies round M the 

Center of Motion K muſt deſcribe the Ark K & moving upwards, 

„„ Which cannot be *; therefore AB will be ſupported by adding an- 
PPV 


49. Wx Bodies are laid upon an inclin'd Plane, they will 
eome down, though the Line of Direction falls within their Baſe. 
In ſuch a Caſe their Center of Gravity will not move in their 
Line of Direction (which only happens when Bodies fall freely) but 
will move in a Line parallel to the Plane, the Body ſliding all the 
While. But if the Line of Direction of the Body falls out of its 
"Baſe, which is applied to the Plane, the Body will tumble or rell 


* Ann, 15. along the „ 


1 a 7 3 


Hexcx follows that the ſame Body, that in one Poſition wouw'd 

_ fide along an inclin'd Plane, will roll down in another. Thus the 
*Plates, Body ABCD#*, when ſet upon the Plane c MN, will ſlide in the 
Fig. J. © Poſition a bed, becauſe its Center of Gravity k cannot fall in the 


Line of Direction of ko (the Body being ſtopp'd by the Plane) 


nor move in the Arc kc about d for a Center of Motion; becauſe 


*24 in this laſt Caſe the Center of Gravity muſt riſe, which cannot be“: 


And therefore the Center of Gravity will deſcend in the Line 

k s. But if the fame Body ſhou'd be laid on in the Poſition 
246 d, it wou'd tumble towards M, its Center of Gravity de- 
ſcending in the Arc K 4. For this Reaſon a Column may be 
drawn up an Hill when laid along in a Waggon, which wou'd 
tumble backwards if ſet upright in the ſame Waggon: And a 


Load of Hay wou'd be overthrown going along the fide of an 


Hill, where: the ſame Waggon would go along ſafely, if lege! 
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A Contfe of Experimental Philoſophy. 


; 2 with an equal Weight of Iron; only becauſe in the Load of Iron Lec. IT. 


£59 | . | 4 * | 
== What has been ſaid in the three laſt Paragraphs * will be farther N BY 
confirm'd by the following Experiments. „ 
EAN XVI. ZI. 3. Fig.8. 


5. Urox the Table T? T * which has a Slit from X to &, ſet the * Plate 3. 
little Image DM in ſuch manner that the Saw c (which is faſten'd Fig x 


at one end to the Hands of the Image, and has a Weight W fix'd 


at the other end) may paſs through the Slit X x, and the Image 


= will ſtand in an upright Poſture : Then if the Head of the Image 
== be brought down to A or B, it will imitate the Motion of Saw- 
ing, and vibrate feveral times in the Arc AB whilſt the Weight 
== W does in the ſame manner deſeribe the Arc VWY, the Center 


L of Motion of the whole (that is, of the Image, Saw, and Weight) 
being at M; the common Center of Gravity K does likewiſe de- 


: 2 ſcribe the Arc LKL, till (after having ſeveral times deſcended from 


L on either ſide) it comes to ſettle at K, juſt under the Center of 


: 7 Motion. If the Image had no Saw, it would ſtand upright when fet 
on the Table, becauſe its Center of Gravity C would then be 
mage which is in the Line of Direction oO would be ſupported*, * 45. 


but the leaſt Alteration of Poſition that ſhould move c from 
over M would throw down the Image . Then if the Saw e be» 26. 


added; fince its Center of Gravity is at e, the common Center 


of Gravity of the Man and Saw will be at L, and in that Caſe 
the Image with its Saw will fall towards X; but if by means of 
a a curv'd Wire the heavy Weight W be join'd to the Saw; the 
common Center of Gravity of the Man, Saw, and Weight, will 
beat K“, and the Line of Direction will again be oO, therefore the + 38. 
= Image will ſtand in its upright Pofition. If now the Image be 
inclin'd forwards or backwards, it will after ſeveral Vibrations re: 
W tura to its firſt Poſition, becauſe the Center of Gravity always en- 
deavours to deſcend to K, in doing which it will bring the Image 
upright. N. B. This Experiment ſucceeds beſt with two little 

oints in the Heels of the Shoes to bear on the Table. 


* K 
t 


 Bxygan- 


the Center of Gravity is low; but very high in the Load of Hay *. 


1 | juſt over the Center of Motion M*; and ſome Part of the I. 26. 
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. 75 K Table, becauſe its Center of Gravity hangs over) ſuſpend the Pail 


e * R 1 11 E n * X 1 mn. ＋F 15 * . Fi ig: ä 


1 N e : 11 1. 9 3 the stick 87 ( bich of it ſelf would fall don We 
P, fixing another Stick g, one end in a Notch at 2, and the o. 
ther againſt the inſide of the Pail cloſe to the Bottom, and the 
Hail without any other Help will be ſupported on the Stick 8, 

Jes ich will not fall from the Table though the Pail be afterward; 4 

a fillid full of Water, provided the Bale or Handle of the Pail be 

Pretty near the Table, and the Stick 4 long enough to pam che By 

Vail a little ont of the upright. 2 

plate 3. WE the Stick 88 Kis orizontal on the Table T 4B, c is th - 

Fig.9- common Center of Gravity of the two Sticks 88 PQ, the Pai BY 
9E, and the Water contain 'd in it, all which taken together ar: Wi 
to. be look'd upon as one Body whoſe Line of Direction is O00 
and as the part of SS which is a little behind the Bale B is in th 3 
Line of Direction, and ſuſtain'd upon the Edge of the Table, the WW 
_ - whole 85250 abovemention d cannot fall; for if it did, the pan WW 
BS muſt riſe at the End 8, into the Poſition Bs, and Ps deſcend 
into the Poſition p 4, which cannot happen unleſs the Pail riſes in- 
do the Poſition. dqe bringing up the common Center of Gravity, 

2 to c in the Arc Ce D, which is impoſſible from Gravity alone, 

Without the Action of an pans x Agent. But if the Pail DE 

be lifted up under the Table, and the Stick 88 inclin'd 7218 . 2 

ſo that the whole Machine comes into the Poſition 2 pe 44. 

If then it be left to it ſelf, and the Stick 35 is ſo ſmooth as wel 5 3 

the Table under B that there is little or no Friction between then, 

the Whole Machine will {lide down and ſo fall from the Table 

„ moving in the Direction , and the common Center , 

SGravity in the Line c E Tangent to the Arc Po C. Here ith * 
bHbſervable that as 90 ig now the Line of WO no A of 

O24: he Body in the. ſaid. Line is ſupported *, . 

1 e The e e bs {Rents in Fir 8. 
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ot an Adhunct of it, imagining that one Body. muſt have as much Led IL. = 
r, whenever it moves as = and more Motion * 5 


" Matter, or when we compare the Motion which a Body has „ 
it has at another. The general Defini- | 
tion indeed (viz. Tranſlation of a Body ff „„ 5 
another) takes no Notice of the Quantity of Matter; but when we compare 'z 
we have a Regard to their Quantity of Matter, for Velo-* q ! 
t conſidering how much Matter is mov ERS 
the Force, which we call the Quantity of Motion. '- . 
example, ſhou d a Dog and an Horſe movii equal ſs run ag N 
2 Wall of the Thickneſs of a ſingle Brick; the Dog wou d be beaten „„ 
that carried 40 times more Matter wou'd beat | 


F'& 0 - 6 4 5 A a 
* l 5 * * 
4; L 


e 3 Ram R** Pl. 4. 
s in Dinater; and 180 Foot long, made of ſeveral Pieces of Fig. 2-- 
imber, as for example, of Oak joyn'd together, it will contain 750 Cu- 

| bic Feet of that Timber, which at 50 Pound a Cubic Foot will wei 


37e the Head of it made of C „%% 
bualf, chat will be 3360 TS. oops about it are one 1 
i thick, two Inches deep and 94 Inches in ference, they will weigh · 170 


50 ound each, which with! two Pounds of Nails allow'dto keep them 
| tight to their Places will make 252 Pounds: Now all theſe Weights added 
| together” will give us 41112 Pound the whole . „ nb ary Ram, 
which if it be moyd by 1000 Men emplo aint 


m a moveable Galle 
© of 4 11 Nee The. 


50. 
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A Conrſe of Experimental Philoſophy. 
+ _  Angotat. tity of Motion in the Iron Ball B ſhot out of the Cannon C, will be found i 
7% Lett. II. equal to it: For a Cannon Ball is known to move as faſt as Sound for the 
| SY Space of above a Mile, and if you multiply 36 Pound the Weight of the 
Hall by 1142 (the Number of Feet which Sound moves in one Second) you 
will have the Number 41112 to expreſs the Force or Quantity of Motion in 
the Ball B ſtriking at L. And if, after a few Strokes given by the Batter. 
ing Ram, the Mortar or Cement is ſo looſen d that the Piece of Wall 
ADD FE is at laſt by a Stroke of the Ram carried forward from F to k 
and fo beaten down; the ſame thing will be performed by one Cannon Wl 
Ball after the ſame Number of equal Strokes given before by others, as we ln 
had ſuppoſed by the Battering Ram; and then the Quantity of Motion in 
the Piece of Wall ADDFE carried from F to K will be juſt equal to the 
Shock of the Ram, ot of the Bullet . £ us £# me 
This ſhews how advantageous the Invention of Gun- powder is; ſince ve 
are thereby enabled to give ſuch a prodigious erer to a ſmall Body, that 
it ſhall have as great a Quantity of Motion as a Body immenſely greater, 
and therefore perform as much by its Percuſſion; tho' we uſe but fe Hands 
in the Management of it, for three Men are able to manage a Cannon which 
ſhall do as much Execution as the Battering Ram abovemention d. Thoſe 
3. that would have a more ample Account of the Battering Rams and warlike Ma- 
chines of the Ancients may find them deſcrib'd in ſeveral Authors, eſpecially in 
Juſtus Lipſius v. The Ram which I have conſidered here is taken at a Mean, 
q being. higger than ſome and leſs than others that we read 7. 
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4. [11.——Subtile Matter, &c.] The Carte/ians, in order to maintain 
their Plenum, ſuppoſe a certain ſubtle Matter to fill all Spaces between, 
and Pores within Bodies, and that this /ubtle Matter by being continually 
divided, becomes ſo fine a Duſt as to have neither Weight nor Reſiſtance, 
and yet that it is the Cauſe of Gravity; but any one that conſiders this a- 
ſertion will find it inconſiſtent with itſelf, For firſt if ſuch a Matter filld 
all the Interſtices between the Parts of Bodies, it wou'd render them equally 
full: Secondly, Wherever it fill'd any Space that had no other Bodies in it, 
it muſt be more ſolid than Gold and harder than Diamonds, and conſequent- 
ly could not be a fine Duſt as is imagind; for a Body, when ſolid, differs 
from the ſame Body in Duſt, only becauſe its Parts are ſeparated from one an- 
other, ſo as to have a great many Voids between: As a Pound of ſolid 
Sold differs from as much Gold Duſt, only becauſe the Parts of the Duſt 
are more ſeparated, mix'd with Vacuities, and do not touch in ſo many Points 
as the ſolid Lump; the Duſt eaſily becoming a ſolid Lump when the Vacui- 
ties are driven away by Fire, which turns the Duſt into a Fluid that after- 
wards (upon the Removal of the Fire) is chang'd into a ſolid Lump with- 
out loſing any of its Weight. Thirdly, As the Carteſians affirm — That of 
fſubtile Matter the Earth and Air (heavy Bodies) are compounded, it is 
abſucd to ſuppoſe the Matter of which they are made to be without Weight; 
_ fince the Grayity of any whole Body is made up of the Gravity of all its 
Parts taken together. Fourthly, When the Carieſians make their ſubtile Ml 
CV | | | Matter 
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— as Cauſe of —_ v. they le 
par ch namely, bat it hat nd Re Ate; forif 4 Fluid, 
Farth, impells all the Bodies nent it to fall down'tothe Fach fo oj 
of Refiſtance, becauſe whatever 3pell#thuſt h. And to iy & 
dies can move thro this ſubtile Matter without ſuffeting any eiftarce, b 
that the ſubtile Matter when it runs againſt ſolid Boches drives them 
out of cheir Places, is an Abſurdity unworthy of à Pflolopher, Tet be- 
cauſe the Camiſians cannot deny 


been pum 


medes propoſed; the lifting of the whole Earth, in caſ 


to the Center of the Moon; then the Moon,” ora. Wei ht 1 


would be moved one Inch out of its Place, by” the 
49 Inches, 1 


6000 "Minis from the':fix'd Point, ch e the 1 Leaver't 


3 . 7 11 


th 


e re F | 1255 nt Fw 
falling equally faſt in a Glaſs eceivet out which the Air has 

mc: we x7; bare: Experiment has been'? made in a. Receiver 10 Poor L. 1. 8. g. 

high; ſee Phil, 2 ran. No. 354) rather than give up their Pfenu, they Ray, 

that when the Air is pump 4 ont, the Receiver is as full as before; *but that 


it is fill' d with ſuch a Gable Matter as makes no manner of Refiſtance : - 80 
that upon the hole, the Carteſian Account of the Cauſt of Gravity, a an 


reſiſtance of their" ſubtile Matter, are inconſiſtent with each 1990 
the Doe the Contradictions which 1 they fall into by endeavourin ti 
Phænomena by the Powers and Motions in al Directions a 15 
bute to this ſubtile Fluid; but 1 ſhall ſay no 1 — on” "this Subject 1805 till 
come fal dip Moti N rl £7 wy . Mei 

5. Th C. At once. with the Leaver,] It was: upon this Principle that P12 
that t. there could, 7 
found a fir d Point, or Place to Jupporotiis Tftrument, <3 8 50% hy Tho / 
n Bywhichhe meant I Hat the leaſt Power, by encrealing\its Velocity, 
might raiſe the greateſt Weight; and that in this Reſp pet there are no Bonds, 
. we can get a Place for a fix d Point, and. Nan Diſtance fot the Pow- 

Nom, tho'-raifing:the:FartH-is a Propoſition 4 putely Mathematical,” and 
— to be reduc'd to Practice; * et for W Sake well, conliger it Ale 
here: en c le en e n dene e 8 

If we . common Ceweriof Gravit ty of the Earth Ad Moc for 
the fix'd; Point; ( Fulrrum, or propping Point) of our Leaver, Which we will 
ſuppoſe 240000. Miles long, that is; reaching from the Center of the Farth 
. to nd +," 


I | 
$; Y BY 44 32 
* 1 * 0 * „ % * ad 4 fi * 


2 


ule of as a Power, will be able to ſupport the Farth at tlie 
Learer; and if it be removed but an Inch fart her, it will alle N 
the Diſtance of the Centet of Gravity of the Earth fro 945 70 Poin 

of the Leaver is Go Miles, and t lat of the Center of Gravity of Mo | 
Moon or Power is almoſt 40 times Is far; and if the Moog be Yup 175 
to move with the ſüme Velocity that it wow'd' fall to the Earth by, 
Force of Gravity, if its projectile Force did "ad Binder it; then” the E 


Me ot 185 moving, 
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Now: if, i mltead of the Mts, 'we make wY bf 6 a e 0 ity is * | 
equal only to a Weight of 200 Pound, as for EAA nple, che Force of a Man, MES at 2 3 
as Archimedes propoſes: Then ſtill ſappoſ ing the Earth at the Di b % 

0 1 


g E 1K „ a 


55 | Amgen the ns} is a, -muſt be . in the Propo 


e Leer will teach quite out of our Syſtem among the ſix d Stars, ahoue fifteen 
n, 5s 

5 "And if Archimedes (or the Power) be ſuppos d to preſs upon the F 
with the Velocity of a Cannon Ball. He woud be in Motion at the 4 
of the Leaver above; 26 g near 27 Millions of Millions of Years to raiſe. 


thoyſand Millions af times greater than the Periphery of Saturs's Orbit. 
Vor the Sake 20 AY; 46 , eam "tris Calau amn, we n Num- 
4 Li // 
J 5 The mean Diameter of the Fatrth 4s equal t 19 688 726 Paris Feet 
= 1755 | Ge Princ. 7575 3. Prop. 20. Hag. 387.) 
—_ pofing the I) Hcg to the Circamference as oba een 
| hs 7. 5 hy the Circumference, you will have 1 218 
. by 15 Feet. for the Surface of the Earth: Which laſt Number, multipli- 
the fixth Part of the Diameter, will give 3 997 44 red 180 744 
pp 1355 45 75 the Cubic Feet contained in the Whole Earth. 28 3210 
Now f. if we ſuppoſe a Cubic Foot of Earth. to weigh 206 Pound, mul 


N an 2 Foeltnd 3 vi Chop ala th 


; poi 3 * f 2 * Tx” ef 88 > p Par 2 LY au; 2 4 3 4. FI A 250, A 
EY . A 311 ITS Fay” 1 EK * £8” Bos "OY 3 7 We " P42 4 


1; to 355 784 799 118.074 464 789 750. (or'the Intenſity yo the Wight): NT 


ow e e ee ts 395 065 ew overt 
by Toxe eke en 943 652 500 Milk or the ba. of the Pre 


ir} "4607 * 11 l 4 (32 1) 4485 


This falt Naw 2 not _ expreſſes the! Dittance of the Power,. but: the 
Nombes of Miles. that the Power muſt move to raiſe the Earth one Mile; 
becauſe : The Velocities of the Power and Weight muſt be reciprocally as their 

Maſſes. But if we wou'd raiſe the Earth but one Inch, we muſt divide by 

66 360 ( the Number of Inches in a Mile) and we ſhall have the Miles gone 
41 by 0 Vile. eb whilſt the. Earth. ome T wr phos — 291 996583 

668.465 029 15 pt ener 66 

To — a 8 Idea of what has been Bid, let us . the DiRance 
of the Power. and Space that it muſt; go-thro', with ſome 
that we know, _ with the Space deſcribd by ſome Body that we can ob- 
ſerve z. as for example, with the Piſtance of the Planet Saturn, and the 
which it deſcribes in going thro the Whale Circumference of its Orbit. 
Saturn, at its mean Diſtance from the Earth (which is equal to its Di 
ſtance from the Sun) is above 9 times and a half (or 9,51 times) farther from 
the Sun than the Earth, which laſt we ſuppoſe 81 Millions of Miles from the 

Suan; and ys 1 , by this Number of Miles (viz.) 
710.316 000, by W 1V3GIng. 14 993 541 003 542 233 943 692 Joo 
we ſhall have a Number which u i that the: Powrer-muſt-be- applies 


b ate” e | farther 


2 


dhe whole Earth, bears to 200 Weight. In this aſe: the End of the 


the 4 one Inch in that Lime, and wou d 80 thro a Space above 39 


tiplying by 100 we ſhall have the begged of the whole Earth. 1 1 17225 


'& is 6000 Miles (the Diftance of the _ or of the Center of the Barth 


ions. of times farther than the Diſtance of Saturn: Wi 


15/ 660-966 250. 3 


3 


"Then, As 200 Pound (or the Tatenfity: - the Powe): Feen . y 


P1227 
great Diſtance 


6 oh 035 ri times. Then ce that the Power muft go Lx 
155 79710 WIG 668 a 020 Miles) be divided 30655 755 8 
the umber of Miles in the! 5 of Saturns Orbit, yotient will 
ſhew us that the Power 1 8⁰ a Number of ene Pere tr 177 438 
z times greater. 5 ml de Wh 75 456 A re O13 THC "bd 
= Again, if we ſuppoſe che power, or Arch puſhing: n the farthef 
= End of the Leaver; we ſhall find, that N | 


-ſhould move as fült as 
2 Cannon Ball, he wou'd ſpend 26 978 1123 208 460 Years in moving the 
Earth one Inch. For if we ſuppoſe a Cannon Ball to move wieh the ſame 
Velocity as Sound, or a Mile in 4 Seconds and an half (as Experiments 
have confirm d it) it muſt move 800 Miles in an Hour: And aàs one Year 
contains Fr Hours, 800 times that Number is the Number of Miles which 

with the Velocity of a Cannon Ball would move in 4 Tear; by 
(7012 800) if you divide 189291 "996 583 668 465 0˙⁰ 
the Number of Miles that the Power goes thro) you will have the 
umber of Years which it muſt take up to go thro the ' ſaid Space, namely 
26 978 123 942 460 Years,” which was to-be-proved. 

Biſbop Wilkins in bis Mechanical Powers — FR" ae of 
IP heels, -whereby the Earth might be'rais'd , ' without ſuppoſing be Power 
10 be applied at any confiderable Diſtance from the "Barth ; © bur what he 
ſays depends entirely upon the ſame Principle; for even in that Caſe,” 
Power (if equal to what we have: ſuppos'd) muſt go through 4 Feds" ro 
qual to as many Miles as ue have mention d above, in order t0 vaiſt the Earth | 
but one Inch 1 erer the Line in ꝛubich it no aul bo but a Circle off a 's 

Diameter ; for let the Machine be made in any manner whatever, the 
Diffeeite of the V. elocities of the Power and Weight will always be 'recipro- 
cally as their Maſſes (os their Iutenſities) confidering the Power as a Duantit 
of Matter in Motion) when they balance one another; and the ſmalleſt Addition 

f V ne ( Aol YO Wi i mm * eee, 4 will” x pl Fe * ee pole 


6 £ OY 33 guns Tims, be ar mw me For 
want of rightly conſidering this, a great deal of Time and Money has been 
fruitleſsly ſpent in mechanical Works by ſach/as' imagine that Force might 
be generated by the Figure of a Machine; whereas Mechanics teach us 
not to make, but to apply Powers, ſuch as we find them in Nature; for 
ve deceive our ſelves, if we think that by means of any Engine Whatever, 
One Man ſnall do the Worlt of Two in the fame Time, r leg the Men 
= to employ che ſame Strength. But vet t the Science of Mechanics is not co 
be rejected as uſeleſs; for to the Arts that are deriv'd from that 
Science we are indebted for a great many "of the Neceſſaries as well as Cen- 
veniencies of Life. In the Performance of ſeveral Works, where we have 
ſufficient Strength; we oſten want Time; and ſometimes "we have 
Time to ſpare we want Strength. In ſuch Caſes the Skill of a a, 8000 Me- 
chanick . is to be exerted im directing che Application of the powers accord-, 1 
ing t to 7 Bonn Sh in OD Harbours, and carrying on Digoes, Mols 

* an - 


* _ 
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at, or: Banks, where, at every Tide the Sea) may damage the Work, and a 
II. Spring: Lide over ſet it; the greateſt Number of Hands muſt be employd 
that can work by one another. In ſome Caſes, as raiſing Blocks of Marble 
or. other heavy Goods out of Ships to lay them upon a Wharf, many 
Hands cannot be-employ'd;; either becauſe they cannot well ſtand by one an- 
other about the ſame Block; or becauſe they cannot lift all at once; or 
When they have got up their Burthen, they camot contenientiy walk with 
it ; or if they could, the Planks over which they go, or Ladders which they 
muſt climb, could not ſupport them and the Weight; then ah Engine muſt 
be us d (as for Example, à Crane) where one Man ſhall do the Work of 
0 or 20 Men, but he ſhall be 10 or 20 times longer in performing it. Let 
the Engine is abſolutely neceſſary; becauſe without it the Work could not 
be done, therefore a ſufficient Time muſt be employ d, without which a 
great Strength would be of no Uſe. Thus likewiſe in Building we muſt uſe 
Engines to raiſe. great Stones and large Pieces of Timber, where {fo much 
more Lime is employ ' d according as the Force of the Men working at the 
Engine is leſs than the Force that would he requir'd to raiſe the Stone if 
the Hands were applied directly to it; but then the Engine takes up leſs 
room, and the reſt of the Men may be otherwiſe employ d. In draining 
Mines we are always confin'd in Time, becauſe the ſubterraneous Springs 
ſupply. the Water whilſt a Force is employ'd to draw it out; and in ſucha 
Caſe the Power (that is, the Intenſity of it) muſt be ſupe rior to the Quanti- 
ty of Water to be rais'd in a certain Time; that is, the Power myſt be a. 
ble, without any Engine, to draw from the Bottom to the Top of the Pit 
( ſuppoſe an Horſe drawing up a Bucket faſtend to a Rope that runs ot 
ter that runs in, during the Time that the Power goes through a Space e- 
qual to the Depth of the Pit. Engines are applied for the Conveniency oſ 
delivering the Water, and not to gain any Degree of Force; for we always 
loſe ſome — So. much as is employ d to move the Parts of the Engine, 
which cannot be apply'd to one another without a Friction that ſpends 
ſome of the Power; ſo that the beſt Engine is that which conſiſts of the 
feweſt Parts *, And he that by; Machinery pretends to gain by: bringing 
up a greater Weight, or a latger Veſſel of Water with tiie ſame Powet, 
does not conſider, that it will riſe ſo much the ſlower, and give Time to 
the Springs to ſupply more Water in Proportion; or if, by adding any Part 
to the Engine, the Power (as for Example, an Horſe or Horſes:) is made 
to go eaſier, then leſs Water will be rais d at a Time. This ſboud give a 
caution to thoſe that have any Concerns in Mines, Water-works, Mills, or 
other Manufactures; that they might not be impos d upon hy Engine- makers 
that pretend to (and often fancy they can) by ſome new invented Engine 
outdo all others, and make one Horſe do as much as three or four. 
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Knowledge of which would keep them from attempting Impoſſibilities. ' It Annotat. 
were to be wiſh'd that our Engine- makers, who often abound with Inyen- Lett. II. 
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tion, and are generally quite ignorant of Mathematics, wou'd apply them 
ſelves to that Science; at leaſt to know ſo much as wou d dire them in 
their Works; or that ſome of our beſt Mathematicians wou'd not think it 
below them to direct Workmen, and conſider, Engines a little more than 
they do, which wou'd render their Speculations more” uſeful to Mankind. 
There are ſome, who, being too clumſy, and wanting a nice Hand to 


make Experiments, are anwilling to own it, and therefore ridicule and de- 


ſpiſe Mechanical Performances ; forgetting that the incomparable Sir Haac 


 . Newton, whom They with all other Philoſophers admire, has made as many as 
(if not more Experiments than) any Man living; and look'd upon Geometry 
as no farther uſeful. than as it directs us how to make Experiments and 


Obſervations, and draw Conſequences from them when made; fo that the 
Improvement of Philoſophy muſt be the Reſult of mix d Mathematics, that 
is, of Mechanics and Geometry, A Man that ſhon'd. learn to fence by 
Book, wou'd be as much at a Loſs if he was call*dto fight, as another that 
ſhou'd prefer brutal Courage to the whole Art of Fencing; only with this 
Difference, that the latter wou'd be much more likely to kill his Adverſaryz, _ 
as Men quite illiterate have often producd wonderful Engines. The Ma- 1 


W chine. at Marly which was made by an ordinary Man of Liege, who was en- | 


tirely ignorant in Mathematics, has a great many excellent Contrivances z. 
but does not raiſe all the. Water that it ſhou'd do, becauſe the Workman" 
did not know how to calculate, ſo as to give the Power of the River Seine 


1 


of . 


' When great Works or Manufactures are carried on in ſuch a Manner that 
a_great Part of the Intenſity of the Power is uſeleſty ſpent, and but little 
of it employ'd in doing real Services; as for Example, when there are un- 
neceſſary Frictions ariſing from the ill Contrivance of the whole Engine or 


the wrong Figure of ſome of its Parts, or the bad Performance of the 


Workman; or if Men or Horſes, Sc. exert but a ſmall part of that Strength 
which they might apply without Wearineſs or Inconveniency : Then the 
Skill of a good Engineer may be advantageoufly applied in changing the. 
Form or altering the Parts and Motions of a Machine. An Inſtance of _ 
this may be ſeen in the winding of Thread or Silk, in which Bufineſs if © 
P Men being employ'd they ſhould only move a Weight or overcome a Ly 
Reſiſtance equal to half a Pound, as they carry their Hand round (where 


as one Man can eafily raiſe 25 Pound, with the ſame Velocity as his Hand! 


moves during the Space of 10 Hours in a Day) a Machine may be con- 
trix d whereby one Man apply ing his whole Strength ſhall do the Work of 


the fifty. Men in the ſame Time. Thus in any other Cafe Machines may” 


afford us great Profit, by rendering effectual that Force or Intenſity of the 
Power, or Powers, which was before miſapply'd or not employ' d at all. 
This has been perform'd at Derby in a very ingenious Manner by Meſſieurs 
Thomas and John Lombe, who haye employ*d the Force of a Water- wheel 
to the working of Italian Silk, ſo as to loſe or miſpend no Part of he 
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II. ſeription of the whole Engine or any of the Movements of it made Pub- 
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As the Proprietors of this curioys Machine are not willing to have a De- WW 


lick, I ſhall only here give the general Account of it, viz, That there are 
V..!!! ft fr ht cone 6 

33 728 Yards of Silk wound every time the Wheel goes round, which 
.. d ĩͤ tg Lot on 
3318 504 960 Lards of Silk in one Day and Night, and conſequently 
99 373 547 550 Yards of Silk in one Tear. V 


One Water-wheel communicates Motion to all the refs of the Wheels and 
Movements, of which any one may be ftopp d ſeparately and independent on ile 
ret. One Fire- Engine conveys Air to every individual Part of the- Machine, 
and one Regulator governs the whole Work. _ 1 % e 
7. [ 17.— Scorpions, &c. give à ſufficient Velocity, &c.] Scorpions were Ma- 
chines to throw Arrows, Fire- Ils, or great Stones. A Deſcription of 


them may be found in Vitruvius and the above- mention d Lipſius , from whom 
I have taken the Figures repreſented in Plate 6. The x Figure re- 


preſents one of theſe Machines charg d. The Point A of the longeſt Bra- 


chium AC, which in the natural Situation is kept uppermoſt by the Boxes 


of Stones or Weights BB, having been brought down to A (by the Rope 
RR and Loop a, drawn by Help of the Wheel W and Pinion at I round 


the Rollers M and L) is kept from riſing up again by the Pin HH, made 1 
a little taper: Then the Loop à being taken off from A, and the Sling 8 


being charg'd with the Ball or Stone IT, the Scorpion is ready to be dif- 


charg'd; which is done by a ſmart Blow of an Hammer on the End H! 
of the Pin, or a ſudden drawing it out with a Rope, for then A being no 


longer kept down riſes with great Velocity by the Deſcent of the Weights 


BB, and one of the Loops of the Sling flipping off of the Point A, made Bi 
conical for that Purpoſe, the Stone flies out as repreſented in the ſecond Fi- 
gure, which is another Scorpion little differing from the former. All the 

Difference is, that in this laſt Figure, as the diſcharging End A is the Axis 
of Motion DD, then the ſame End in the former Figure, the Pulley“ 
L is applied in ſuch a Manner as to cauſe the Handle J of the Pinion lead- 
ing the Wheel W, to move as eaſy again as in the former Caſe; And as to 
the Effect, ſup abng the Weights. B B, equal in both Scorpions; the latter 
will throw a Ball of greater Weight, but then it will have leſs Velocity than 
the former Projectile. In both Caſes the Scorpion turns upon the Pivot 
C, and the whole Frame HI round the upright Shaft Ce, that the Machine 
may be directed any Way. The Hook H in the ſecond Figure does the 
However powerful theſe Machines were, and however numerous, they are 


N 


not to he compared with a Battery of Cannon, either for. Force or Expedi- 
tion. Bihop Millius had not preferr d them to our Artillery, as ſome o- 


cher 
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cue prove this, we will here conſider the Force Scorpions,. 
even ſuppoſing it much larger than cou'd conveniently be carried about (for, 
that they were probable, appears from the Account that Cæſar had great 
Numbers of them in his Camp) and we ſhall ſee how much ſhort it will fall 

Let AD the Tail of the Scorpion, or the End that throws the Stone “ Pl. 6. 
or Bullet, be ſuppoſed 24 Foot long; and the ſhorter Brachia DB which Fis · * BF 
carry the Boxes BB, 8 Foot long each. When the Boxes are fill d with  _ I 
Stones ſo as to weigh, for example, 1000 Pound each, and the Tail brought ——_ —— 
= down to A in order to throw the Stone T; the utmoſt Velocity that can = b 
be given to it can never exceed 48 Feet in a Second, becauſe the Weights 
at B cannot fall faſter than 16 Feet in a Second, tho' they ſhou'd-not move 
the Machine in their Deſcent; but as we may reaſonably ſuppoſe that 
rhrowing up the End A loaded with the Projectile T, muſt retard them one 
half, it will follow: that the Body T will be thrown! forward only at the Rate 
of 24 Feet in a Second, which is about 48 times ſlower than the Motion of a 
Cannon Ball; and therefore the Effect of the Scorpion will be 48 times leſs than 
== that of a Cannon throwing a Ball of the ſame Weight. Beſides, there muſt be 
more Men to manage the Machine, and a great deal more Lime ſpent in draw- 
ing down A by means of the Wheel W, than in charging a Cannon; for if we 
ſuppoſe the Force requir'd to raiſe the Boxes loaded with Stones, and to over- 
come the Friction, to be equal only to 2500 Pound, and the Engineer who 
turns the Handle at I to move his Hand thro' a Space of 34 Feet in a Second Y 
= (which is the utmoſt he can do if the Force he applies be equal to 3 . 
Pounds, he muſt ſpend. 7, 6 Minutes or above ; of an Hour to carry te 7 
Handle thro? a Space of 1600 Feet, in order to raiſe the Boxes 16 Feet in 1 
Heighth: This, beſides the Time ſpent to put in the Pin H and to fit the 
Stone I into the Sling 8, will ſo retard the Operation, that the Scorpion 
cannot diſcharge its Projectile above 4 times in an Hour, whereas a Cant 
© | = be fir d with great Eaſe twice as many times in an Hour. 
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4 ow if we conſider how much ſuch a Scorpion as we have deſerib'd muſt 4 1 
weigh, it will appear as troubleſome to carry as a Cannon. The uprighit 
haft C muſt be 30 Foot long; and that it may have ſufficient Strength, we 
will ſuppoſe it of 13; Inches in Diameter, which will make it contain zo cu | 
bic Feet of Timber, which if of Oak will weigh about 50 Pound a Foot; N ä 
let the Body and Tail of the Scorpion ABB with the Boxes BB, contain r 
= 40 Foot more of the ſame Timber; the Frame KH 60 Foot, and the Wheel * 
W vith the Pinion on the Handle I, the Pullies, Ropes and Iron- work of . == 
the Machine weigh as much as 60 cubic Feet more of Oak: All this tage- ä 1 
W ther will make 90 cubic Feet, which multiplied by 50 Pound will give mar Eo 
Pound, a Weight which will render the Machine very inconvenient, even 
W tho' ic be taken to Pieces. We may thereſore ſuppoſe: the Scorpions much 

leis than what I have deſcrib'd: 80 that there can be no Compariſon be- POND 
en theit Ellect and chat of our Artillery, Whoeter will be at the Fin _* 
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Annotat. of calculating the Force of any other of the Machines uſed by tlie Ancients, 


Lett. II. will find that they fall very ſhort of the Effects of Gunpowder : -Eſpecially if 


digious Rocks are rent in Pieces, and ſuch Quantities of Earth and ſtrong 


Walls lifted up, that all the Machines made uſe of in a Roman Army, if | 
they cou'd be apply d at once to one Part of a Fortification, wou'd pro- 


duce nothing like this new Invention of a portable Powder which contains 


# £3 "2 I ry * f * * 
1 15 *. . 
5 2 5 


ſiuch an immenſe Force in ſo ſmall a Compaſs. 


3 


8. [[/21,— Line of. Direftion,” Ec. endeavours to a8. T 


7 Ao „ Body as A“, may by a Force or Forces impreſs'd upon it, be made to 
8 „% move in any Direction, yet (as it always retains its Tendency towards the 


— 


Line. 


Now the Line of Direction of a Power varies according to the Applica- 


l when the heavy Body A* (whoſe Line of Direction is c C) ſuſpended by a 
Fig. 22 Rope, is held by the Hand at H, the Line of Direction of the Power is 


*I 7, tinues the ſame; Nay, if the Body A %, being acted upon by the Power at 1 


Fig. 3. I, be made to move in the Line c D, along the Plane MB, c is not the 
| Direction of the Power but AI. And if the faid Body be raiſed from E 
to F by means of the Wedge KFL drawn under it (whilſt a Board or im- 
moveable Plane at HG keeps it from going out of the Line EF) the Line of 
Direction of the Power will be LB: But if the Body having been plac'd at 

K upon the horizontal Plane L, the Wedge or inclin'd Plane F be ſuppos'd 
immoveable, and the Plane G to move from K to G, and to puſh up the 

Body in the Line KG; then does the Power acting in the Line of Direſti- 

on KG cavſe the heavy” Body to riſe the Height EF, whether it moves in 

the Live KG: or directly up in the Line EF to get that Height. 
Hence it follows that the Velocity of a Power is not to be conſider'd in 

tlie lame manner as the Velocity of a Weight (unleſs. when a Power af- 


cends or deſcends directly from or towards the Center of the Earth) for 


the Helutitiy of 4 Power is ihe Space that it goes through in à certain Tina, 


we conſider what Force it exerts in the ſpringing of a Mine, whereby pro- 
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Z 5 If a Board, of equal thickneſs all over, be laid upon 
Poſition of the Body, if the Ægquilibrium be till preſervd, will give ano- 


W turn quite round without altering the Æguilibrium; and then long Bodies laid 


f or of any Animal. In relation to the humane Body, it is obſervable, that he- Fig. 4. & 5. 
= ther a Man be fat or ſean (nay in a Skeleton) the Center of Gravity is al- 
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which may be greater or leſs to perform the ſame Operation, according to Annotar. | - 
as the Power B* moves only the Lett. III _ 


the mamer in which it is applied; h D 
Length LK, when it raiſes the Weight up through the Line EF, by draw. "I 
ing the Wedge LEK through EF; but if it puſhes it up along FK ſup- FINE 1 
pos'd immoveable, it muſt move the whole Length of the Diagonal FR is ö 
che Triangle LFK. But whether the Weight riſes from K or from E to | 
the Point F, its Velocity muſt only be call'd EF, becauſe whatever Line 


it runs thro”, it only riſes (or removes farther from the Center of the Earth 


the Height EF.  Solikewiſe the Velocity of A is only the Line 1 c, when * Plate 3. 
the Body runs thro' a much longer Space, namely from 1 to 6 through the Fig. . 
Points , 4 along the Planes BG, GD. Therefore the Velocity of a Weight is 
always to be meaſur d by the Line of its upright Aſcent or downright Deſcent, which 
ſhews how much it is got nearer to or farther from the Center of the Earth, 

We are to obſerve that this Definition relates chiefly to that Part of Mecha- 
ni:s which conſiders the Actions of Bodies upon one another by the Application 


9. [ 27. 4 Method for finding the Center of Gravity, c. Mechanically.J )) 
the Edge of a Trian- | 
gular Priſm Pp, or upon the ſharp Edge of any ſtreight Body placed in an e plate . 
horizontal Situation, ſo as to be in Æguilibrio; whatever Bodies are laid Fig, 4. & 3 
upon ſuch a Board in ſuch manner that they do not alter its Æquilibrium, Ns 
muſt have one Plane of Gravity (that is, a Plane in which their Center of 


Gravity is) directly over the Edge which ſupports the Board. Another 


ther Plane of Gravity, the Section of which Plane will give an Axis of Gra - 
vity, or a Line which has the Center of Gravity in it. A third Poſition 
of the Body may be obtain'd fo as to find a third Plane of Gravity, which 
ſhall cut the other two at right Angles, or any large Angle, and the Inter- 
ſettion of the three Planes will give the very Point which is the Center of 
Gravity. If the Body, whoſe Center of Gravity you would have, be long 
and flexible, ſo as not to lye acroſs upon the Board aboye-mention'd, a 
ſecond Board muſt be laid upon the firſt with a Pin in its Center, ſo that it may 


upon this laſt Board may eaſily be mov d on the Board fo as to find their different 
Planes of Gravity. Thus one may find the Center of Gravity of an humane Body, Plate 7). 


ways near the ſame Place, viz. in the Pelvis; between the Hips, the 
Oha Pubis, and the lower part of the Back- bone. Raifing up the Arms 
and Legs will raiſe up the Center of Gravity a little; but ſtill it is always 
lo plac'd that the Limbs: move freely round it, the Center of Gravity at 
the ſame time moving much leſs than if it was in any other Part of the | 
Body. A Statue, though it repreſents a Man, has not its Center of Gra- 7 _ 
vity in the ſame Place as a Man; for if it be hollow, the Hollows are not _ 1 
in the ſame Places as in a Man's Body, and the Center of Gravity * * : 


1 wid naked Statue is higher chan i in a 4 Man. 4 this, 1 
Lek. II. ting up a Statue, and fixing it ( eſpecially in a Place expoſed to the Wind) 
— bes 17 is to be had to place the Center of Gravity, over the Middle of | 


Ä 
* 


7. its Center of Gravity will be in its Middle Point &; as the Point I in che 


or, if the Attitude of the Statue does not permit it, then the 
* is to be ſecur d moſt. ee on. that Side which is. fartheſt from 
_ the Center of Gravity). 

Mat hematicians, in order to kettle Rules for 3 the Center of Gravi 
ty of Bodies, firſt give Methods for finding the Center of Gravity, of 2 or 
more Lines, then of the Periphery of Figures, then of Planes; for tho' Lines 
and Surfaces do not exiſt ſeparate from Bodies, yet they conſider Lines as 
ſlender homogeneous Bodies, and Planes as extremely thin Solids ; and, from 
that Conſideration, more regularly proceed to find the Center of Gravity of 


Solids. Dr. Wallis has fully treated of this Subjed in his Mechanics, in 


his Chapter de Inveſtigatione Centri Gravitatis, and Monſ. Ozanam in the 
third Chapter of his Statics, in the fourth Volume of his Conrfe, of Ma- 


thematie st. 
I ſhall give here ſome of the moſt eaſy and uſeful Methods, and muſt 


refer the more curious Readers to the Authors above-mention d, and other 


Mathematicians that have particularly conſider d the Center of Gravity. 
If a Line be conſider d as an homogeneous Wire infinitely diminiſh'd, 


Line AB. Let there be another Line as CD in any Poſition in reſpett 

of AB; then if from the Center of Gravity I of AB, a Line ( ſuppoſed 

without Gravity) be drawn. to K the — 4 of Gravity of CD, you will 

 haye their common Center of Gravity at G by this ; Anglogy, 8 th 
YE $A WE 32 D CD:: :KI:1 op 


And if the Second Line had been leſs than A B. 2 ſor example, if FE 


had been taken inſtead of C D, the common Center of Groviey would 
have been at Hz becauſe * AB K FE: FE: KI: 1H. 

If there be three Lines (whether they include a Space, ſo as to. make 
the Periphery of a Triangle, or not) their common Center of Gravity may 
be found — — the ſame manner as that of three Bodies *. 80 likewile 
may. be found that of 4 or more Lines, and conſequently of Polygons. 

4 is to be obſery d Tac the Center of Gravity of plane Surfaces is not 

the ſame as the Center of Gravity of their Peripheries, unleſs when they 


* » Plas 7 are regular. Thus in the Triangle * AB C, which is not equilateral, the 
Fig, „ 


Center of Gravity of the 8 will be found at I, nearer to the An; 
gle B than I Which is the Center of Gravity of the Triangle. For 


(by 39 D and E being the Centers of Gravity of the two b AB and 


BC, F is found to be their common Center of Gravity, and I the con 


mon Center of Gravity. of the three Lines AB, BC, and CA. 


To find che Center "of Gravity. of a 7 le, draw a Line 7 che 


Middle of any y Side of ts oppoſne An B: Let GI be taken = 


of the ſaid Line, and the gi Center of Gravity of the 


Triangle. Now as every reckilineal an may be divided into Triangles, 
the common Center of all the e will be the Center 
the Figure: 85 „ it 


f vit of 
5 Let 


* * 4 * 185 * Pg 2 A v 2 FEE IS. * 4 *% x OS r . 
N er r r e „ LI Se n 
LEES 13 | 2 of 92 CCC e 72 
| \ a 
j 


f op ine e ep nnns 


e . TNT EC I A I EE REL Be ny nt LI 
5 1 5 . 1177 ͤ Ku I I Eo im Ss, \n * 
1 2 5 © 2 : 
' L A 
| 


JJ oh A En ot he EST ER LE Ig} „ 7 


1 5 articular "Crmars 15 ede are at en an G; the e or Gra- L Le * 
vity of th 


. 5 Centers of 9 arc F and } 79 5 draw. 1 4 and 2 5 5 3 
: ity rer. 455 we" 4, 
quir d, by this Analogy CD: AB:: F E. EG. That! is, 4 the I Ea 
rence is to the leaſt Grout, ; 7 is the Line F E. 70 the Line EG, or be FE 
Len th of the Produttion of the Line FE. 

The Comer of Gravity of a Cone is in its "Axis, at the tages Eo one - Pla 
fourth Part from the Bale; as for Example, i in the Cone ABC, Whoſe Fig. 9 To 
Axis is D C, the Center of. Gravity will be at F, FD being equal ooo 


DC, Bout in a Conie Surface the Center of Gravity wil be diſtant from a the 4 IT 


Bake; £ of the Axis; that i is, D F will be equal ©. EL inmpx 3 20} 26 20 


Tf ABIK be a W Cone, to bnd its Center of ds 15 the ms 0 ns 
Cone be compleated, which will then be AC B; then having found the = 00 
Center of Gravity of the Cone A BC (namely, the Point F Jas: phe F 
Center of Gravicy of the Cone TCK (which is the Point E) joyn thoſe 
Centers together by the Line FE; then conſidering that AB KI is the 
Difference of the two Quantities ACB and ICK, you will find its Cen- 
ter of Gravity by the Rule above: mention d, PRE will be at or 
ABIK:IKC:: EF: FG. 

If a Bucket be made of Copper, Tin, or Wood, in | the Shape of a trum 
cated Cone, the Center of Gravity of nuch a Veſſel will not be in the ſam 
Place when it is empty as when the faid Veſſel is full; which Conſider - 
tion is uſeful in ſeveral Caſes of Mechanics in general, and Hydraulics inan 
particular. For by that means Veſſels made of ch the Shape above · mention- 
ed, which being ſuſpended and moveable upon Pins or an Axis (paſſing | 
between the Center of Gravity of the empty and the Center of Gravit | 
the full Veſſel) ſhall turn with the 8 upwards when empty, wil be be 
drawn directly up with the Bottom downwards when full; or on the contrary 
have their Mouth upwards when empty, and turn over and empty them 
ſelves as ſoon as they are quite full. 

Let ABED be the Sefton of a truncated hollow Conic Veſiel, whoſe * Plat io 
Mouth 3 is AD. Its Center of Gravity by the Rules above-mention'd will Fig. 10. 
be found to be at 6; but becauſe the Bottom or Bottom-plate BE is = 
ſome Weight, the Center of Gravity will be brought down to C. The = 
Center of Gravity of the full Veſſel (which will be a ſolid truncated Cone 5 6 1 
will be at K. If therefore the Axis of Suſpenfion be placed between thoſe . 4 
two Centers, as at O [ Fig. 11.7 ſuch a Veſſel when empty may be drawn * Plate 5 = 
up and down hanging with the Mouth downwards, but come up when full, Fig. 11. 
with the Mouth + 5 pps This is + Uſ in a Chain of Buckets - 

2 | | _roun 


Eb 


Annotat.. round an Axis or Rag-wheel to draw Water from a Depth and deliver it 
IEEE CL ////%/%%/ ² 291 ug ie, 
ABut if abed be ſuch a Veſſel, only with this Difference, that the Bot- 
5 tom is fix d to the narrow Part ed, and the Mouth is at a5. The Center 
olf Gravity of the empty Veſſel (without conſidering the Bottom) is at c, 
Plate J. but by the Weight of the Bottom brought to C. The Center of Gravity 
Fig. 11. of the full Veſſel will be at K. If ſuch a Veſſel be ſuſpended between 
Plate J. thoſe Centers, as at O (Fig, 13.) it will continue with the Mouth upwards 
Fig. 13- when empty; but turn over as ſoon as it is full. Such a Bucket may be of 
Uſe to raiſe Water by a Machine made with a couple of Buckets fix d to a Beam 
which moves upon a Center unequally diſtant from its Ends, in ſuch manner 
that a Bucket fix d to the ſhorter Brachium raiſes up a Bucket at the other 
End, fo as to make it empty its Water in a Ciſtern above — But a ſhort 
Deſeription and Figure will make the Thing more plan. 
FI. . AA, Are the two Spouts running from a Brook or Spring of Water into 
Fig. 14. the two Buckets DandE, Dcontaining about 30 Gallons, and beingcall'd the 
. Bucket, and E the gaining Bucket containing leſz than a quarter part of 
2 D 0 ns ion 
| DE is a Leaver or Beam moveable about the Axis or Center C; which 
is ſupported by the Pieces FF, between which the Bucket D can deſcend 
when the contrary Bucket E is rais'd up. DC is to CE, as 1 to 4. 
. is an upright Piece, through the Top of which the Leaver K I moves 
about the Center L, ſometimes reſting on the Prop , and ſometimes raiſ- 
ed from it by the Preſſure of the Arm CE on the End I. „ 
1 0 The Bucket D, when empty has its Month upwards, being ſuſpended as 
05 LOT above-mentioned. The End D with its Bucket is alſo lighter than the 
| End with the Bucket E, when both are empty. By reaſon of the different 
Bore of the Spouts, D is fill'd almoſt as ſoon as E, and immediately pre- 
Plate 7, ponderating ſinks down to D (Fig. 15.) and thereby raifes the contrary 
End of the Leaver and its Bucket E up to the Ciſtern M, where it dif 
charges its Water, but immediately the Bucket D becoming full pours out 


—_— .. its Water, and the End of the Leaver E comes down again into its horizontal 
= Situation, and ſtriking upon the End I of the loaded Leaver IK raiſes the 
=_ \. Weight K, by which means the Force of its Blow is broke. If the Diſtance 
=o th AB, or Fall of the Water be about fix Foot, this Machine will raiſe the Wa- 
_ ter into the Ciſtern M 24 Foot high. Such a Machine is very ſimple, and 


may be made in any Proportion according to the Fall of the Water, the Quan- 
tity allow'd to be waſted, and the Height to which the Water muſt be raiſed. | 
e Some Years ago a Gentleman ſhew'd me a Model of ſuch an En- 
i. 4 gine, varying ſomething from this, but ſo contriv'd as to ſtop the run; 
4 ning of the Water at A, A, when the Leaver DE began to move. 
SG * According to this he told me that he had ſet up an Engine in Ireland 
which raiſed about half a Hogſhead of Water in a Minute 40 Foot high, 
| © and did not coſt 40 Shillings a Year to keep in Repair; and that it 
E was not very expenſive to ſet it up at fir, 2 
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Lich which the Wind pues the whole 
preſſure, whilſt it turns the Sails with the reſt; and therefore the Line of 


midiameter of the common Baſe of the two Cones; or (which is the ſame. 


Gravity of the compound 


N 


1s [20,— 4 Windmill muſs be ſupported, &c. and 4 Crane, 
not ſtritly true in Practice; becauſe a 


indmill back with part of its 


rection paſſing through the Center of Gravity muſt fall before the Axis of 
the Poſt nearer the Sails. Likewiſe in a Crane (I mean ſuch a one as whol- 
ly turns round with the Weight) regard is to be had to the Weight which 


24 Cre of Experimenal Philoſophy. 77 
= er Theo Age 
zard is to be had to the Force Lect. IT. 


* 


is to be liften 1 57 3 and the Center of Gravity of the Crane plac d ſo much 


back from the Weight, that the Line of Direction may only paſs through 


che Middle of the Shaft, when the Weight (which brings the Center of 
: Gravity forward) is hanging upon the Crane. in 53535 


— The Center of Gravity will remain at raft, &c.] See Sir 


If. 5 


12. [37.— Demonſtrated in the Notes. 7 Let the Spindle or double Cone 


Y | Vin Newton's Principia, Coroll. 4th, of the Laws of Motion, 2d Edition. 


of Plate 4. Fig. 14. be repreſented here ſeen endwiſe (Plate 8. Fig. 1.) AF Plate 4. 
is one of the riſing Rulers upon which the Body is to roll, A G the hori- Fig. 14. 


zontal Line, B the Vertex of one of the Cones. Let F G the lower part 
of the Screw S be made equal to e E, which is ſomewhat leſs than the Se- 


Plate 8. 
1 


thing) let EF be another horizontal Line paſſing a little under B the 


Axis of the Cones and BF will be the Way of the Center of Gravity of 


the Body, which Line having a Declivity towards 8, the Center of Gra- 


3 vity of the Body muſt deſcend and-conſequently bring the Body along, more. 


or leſs ſwiftly, as that Declivity is quicker or ſlower. 


The Cylinder of Figure 15 Plate 4 is made of light Wood, with a ſimall plate 4 


parallel to the Axis of the are Cylinder, to the Intent that the Center of 


the Line K O; and then the Cylinder muſt be fo laid on the inclin'd Plain 
AC, that the Center of Gravity of the ſaid Cylinder may deſcend whilft it 
is rolling towards R, which will make it go up the Plane till the Center of 


: Gravity is fallen as low as it can: Suppoſing always a String fix d to the up- 


per part of the Plane, and going round the Cylinder to keep it from ſliding 
when the Plane is not horizontal, as in the Figure. 


= Cylinder of Lead at K going quite through it near the curve Surface and Fig. 15. 


ody may be removed from the Axis M into 


As the Length of the Cylinder does no way relate to its . oF 
TL | 


being ſupported by, the inclin'd Plane; in conſidering the Motion of thr 
= Cylinder on the Plane differently poſited, we ſhall in the ſecond Figure of 
Plate 8. only conſider” the Sections of the Cylinder, Plane, and Horizon. plate 8 
= PTA is the Section of the Wooden Cylinder, C A that of the leaden Fig. 2. 


one, C the Center of Gravity, M the Center of Magnitude, and PQ. the 
Section of the Plane at firſt ſuppoſed Horizontal. 2 
I fay, fr/*, If Pa be taken upon PQ equal to PTA the half Cir- 


cumference of the Cylinder, the Point 4 will be the fartheſt Place to which 


the Cylinder will roll. 


hen 


Annotat. 


When the 8 P mo ging . 05 Center of City Ci is per 


Lett. IL pendicular to the horizontal Plane, as in the Figure, the, Cylinder will-ſtand 
wWY> till, becauſe the Center of Grayity is directly over the Center of Mo- 


No 26, 


No. 24. 


tion at P *, but as ſoon as C is ever ſo little inclin'd towards 
Body will roll till the Point A comes to 4 deſcribing the Semi- Cyctoid Aa, 
whillt all the Points of the Semicircle apply themſelves ſucceſſively to the 
Line P a, which is the Baſe of the Cycloid. That the Cylinder will go quite 
to a, is evident 1 Cc the way. of the Center. of Gravity, -which is 
not in its loweſt Place till it is come to c, and muſt afterwards riſe to- 
wards & if the Body roll'd on farther, and therefore if by the Velocity 
acquir'd the Body ſhould go'on towards Q, the Center of Gravity in go- 
ing down again from « will bring back the Body to a; the Diameter PA 
being again perpendicular to the Horizon, but in the inverted Poſition 2 
E. D. 
2 ſay ſecondly, that if” the Plane be ;nclin'd to the EET in any An- 


gle whoſe right Sine is MC the Diſtance of the Center of Magnitude 


from the Center of Gravity, the Semidiameter of the Cylinder being Ra- 


Aus; the Cylinder laid upon ſuch a Plane will neither aſcend nor deſcend 
when the Center of Gravity is directly over the Point T, where the Cy- 


* L. 2. ; 
Plate 4. 
Fig. 15. 


it is evident (b E. 6. de the Angle MT 


No. 45. 


linder touches the Plane, provided it be kept from mans by a String 
: goin under it *, in the manner repreſented in. the 15 . 12 of Plate 4. 


moving K ever ſo little towards D, the 


5 


urn the Cylinder till the Center of Gravity is at K in the ſame ho- 


rizontal Line with the Center of Magnitude; or (which is the ſame 


thing) till the Semidiameter M A becomes Ma; from K drop the Per- 
pendicular K T, which cuts the Circle at T, and draw the Radius M I, 


to which the Plane n 1 being made perpendicular, you will have the Any 4 


gle 1 DQ made by the Plane with the Horizon, equal to the Angle 
MTK, whoſe Sine is MK equal to MC. For by 12 ng Ma to L 


=K LT, but ( 
29. 1. Eucl.) K LT LD Q. 


In this Situation it is evident by Conſtruction, chat the Canter. of Gra 
vity cannot deſcend, becauſe the Line of Direction is ſupported. at T * 


here the Plane touches the Cylinder. 


For if the Body was coll'd up any Higher on the Plane to bring K to- 
wards r, T the touching Point would advance faſter towards than K does, 
and therefore the Line of Direction would cut the Plane below IT towards 
D, fo that the Center of Gravity would deſcend and bring back the Cy- 
linder to bear on I. The other w 7. the Body would roll down upon 


ine of Direction then advancing faſter 
towards D than thePoint of Contact T. This may be made plainer, by conſi- 


dering the Cylinder as a Balance; as for Example, if Mw be a Balance, 


ſuſtaining on its End M a Weight, equal to the Weight of the Cylinder, 


* 28, 


without the Lead, and on the other End w, a Weight equal to the "Excels 


of Weight of the Lead, above the Bulk of Wood whoſe Room it takes 
up. Let K be their common Center of Gravity, found as has been 


caught. *: e e K Tas an inflexible Freer 1 ſuſ⸗ 


* 


60 A umſe of Experimental Philoſophy. 
%%% ͤůùĩ— 
1 PREPARATION. 


PQ. is the Horizon and P? the Plane of given Inclination. | Since P 4 
cuts the Circle PVA, the Cylinder cannot riſe upon it, therefore we mult 
take another Plane parallel to it. The Diameter P G being drawn perpen- 
dicular to the Horizon, and R T thro' the Center of Gravity C or S pa- 


rallel to PG, draw the Diameter T A, making the Angle PMT equal to 


the Inclination of the Plane, and draw 1 perpendicular to that Diameter 
at T, and n will be a Tangent Plane parallel to the former; (for PMI 
being equal to MT R, becauſe of the Parallels PG, R T, and the common 
Angle RT being taken away from the two right Angles M T » and 
RTZ, vTZ the Angle of Inclination of the new Plane 1 will appear 
equal to the given Angle PMI) draw MR; thro' C draw M/; make 
the Angle X CM equal to MCT, produce X C to V and draw MV. Be 
cauſe X CV is one ſtreight Line and at the fame Diſtance from the Center 
Mas R T, therefore CR and CW are equal (by 7. 3. of Eucl.) ſince the 
Triangles CMA, C Me are equal (by 6. 7. 8. 1. Eucl,) the Angle RMV is 
biſſected. Draw MN the Sine of the Angle of Inclination, and the De- 
grees of the Arc RV, or the two Differences mention'd will be found by 
comparing together the Angle of Inclination and the Triangles R MN 
The Cylinder being laid on the Plane in the Poſition deſcrib'd in the Fi- 
gure, will not only remain at reſt, if the Center of Gravity te at 8, but will 
return, to that Poſition when moved out of it towards 11 or towards u, be- 


cauſe in each of thoſe Caſes the Center of Gravity muſt riſe, aud therefore | 


8 T muſt be the Diſtance of the Center of Gravity from the Plane, mea- 
ſured upon the Line of Direction of the Center of Gravity. when neareſt to 
the Plane, over. that part of the Plane, where the Cylinder rolling upwards 
or downwards will ſtop its Motion. Now if the Center of Gravity be 


brought to C, it is evident that CR will be equal to SR, and that CV 


will alſo be equal to it, becauſe by Conſtruction it is equally diſtant from 
Mya Line going thro the Center, and conſequently CR; alſo that no 
other Point of the Circumference will be equally diſtant from C. Then if 
the Center of Gravity from the Point C in the Line R T, where it is ex. 


 altly over the Point of Contact, be ever ſo little moved towards v by puſhing 


the Cylinder that way, the Cylinder will roll on the Plane, and if it ad- 
vances the Length of the Semicircumference till the Diameter T A is in- 
verted and becomes à t, the Center of Gravity will be got to c the Chord 
TR being now ir; but fince r does not touch the Plane, the Center of 
Gravity muſt deſcend again and bring back the Cylinder till « (which was 
the Point V) returns on the Plane to v, where « K v will be the Chord 
which was mark'd X CV in the firſt Poſition of the Cylinder, K being the 
the Center of Gravity and K v which is equal to CV being in the Situation 
of 8 T, and the whole Cylinder bearing on u juſt as it did on T, when 


a T p. 


$* 
#f 


we ſuppos'd Sthe Center of Gravity, T A and TR being turn'd into I « and 
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= conſequently it is known. But the A 


Te. Therefore the Diſtance Tu on the Plan 

Semnicircumference, but want b of it the Arc as a = AV. Conſequent 
the Length run on the Plane by the Cylinder will be equal to the Ale TY 

which may be found: by a Thread applied to the Cylinder from T to V. 


Now 1 Number of Dara of "this. Arc T V may be found in the 7», Plate 8 
manner. Fig. 3. 


The Angle of Indlination is v TZ=MTN=MRN=TMP= 
AMG=GMR.: 
In the reftangular Triang les MR N and M C N, N M che Sine of Inclina- 


tion of the Plane is the Radius common to both; MR the Semidiameter of 
'MRN, and MC the Diſtance of 


the Cylinder is the Secant in the Tri 
the Center of Gravity from the Center of the Cylinder is the Secant in the 
Triangle MCN. The Angle R MN CMN RMC; therefore 
RMV =2 RMC, which may be found by Ca Inn Ta 
e ination iy its 
KJ IN | 1 1 6 


double is given, therefore AV and. T'V 
Io apply what has been faid, let us ſt 

Cylinder to be diftant from its Center of 

is to be at the Point C in the Figure “. 


e will not be FT to the Kita! % 


2 9 


bles, and 


* Plate 8. 


OP Angle 2 1g of the Plane, on n which the Cylinder © cannot I js thus Fig. 3 · 


by Anal 1 
n 1. 1 61229 80 is * whole Sine: To the Line of 

the 1 MIIZ IMP“ Ig = 41. 48+; GC.. 
The Maximum of the Nad of the Plane on which it will viſe pg is 
in this Caſe found to be 26 and the Height of that Riſe is Z = 42, 85 
ſuch Parts of which the Circumference of the Cylinder contains 360. 


NB. Hence it appears that the Maximum is not in the dd of the 
So Angle 2th, or at 20%. 54 » #5 one mehr at ff imagine. 
. 22 1 3 A 21 Be 1125 
Nom let us Crack the Mg 
the Length which the Cylinder will roll on the Plane, and the Height” s 
which it will go above the Plane's Baſe will be found not only in the man- 


ner der mem and * be oy: tu otkter dre} rr OE rr 1 
is ten 80 it 


_ 
SE #1 3 * 


B. 1 


05 4411 we 


Tz £1 mow 7 4 1 ile \ 
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The Center of Gravity being in the Point c. 41 2 of the Radius of the . 
linder M C from its Center M; making the Arc f V=R f, and drawing thro* 
the Center of Gravity C the Line VCX, \the« Segment V bX is = 70 the 
Segment Rz T, and conſequently when the C linder has tracd on the Plaus 
Jo the Arc I 2 V, it will-reſt and be egnipois d (on the Plane) upon the Point. 

for the ſame Reaſon that it is ſo upon the Point T before its rolling. 

As the Angle of the Plane v T Z is = 15% that Angle is equal to the 


* PMI ans, therefore * only remains the Angle RM N 


Angle of Aae of * ar 105. . 


„ e * 


ces 


; LES g a 
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; . ; 
+ 5 „ LS 1 8 
J ” / 7 Ws = 4 
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A to mm or its, a Hal N27 and, che two flowing Ways give the fame 
= 4) Value for. it. 1 

oY 1. Since the Sine G R for the Angle N M R, [Whei he Radius i is ths 
1 1 of the Cylinder, is equal to 3 C, the Sine of the Angle YM 6 for 
the Radius of oC, the Circle of the Center c of ps Ty, 


a As the Radios of the Center of Gravity: ook 0 80 "a? 5 
Io“ the Radius of the Cylinder: 1 as 2. to $395 ; 
e is . the Sine of 170 for che Radius of the Center of 
A * ravity: 4605 
10 207 70 3882285 GR o or 1G, the Sine of 'the i Angle e mhich is 
* und, to be 22% 11 4. IC 7 0 4 


* From mich 1 ſberadling hs =_ 5 M R . 7 . thats wil 
remain 70. 50 for the N RM b fMV. Therefore the whole An- 
gle RMV 2 11 S- ich adding 30 for the two equal An- 
gles h MR, PM 1 , the _—_— 3 45%. 40“ ＋ to be ſub- 
tralled from 180, equal to half the Circumference War of the Cy- 
linder, and there remains the Arc V T for the n run dW po WA 


N 
w*%h % A 4 
£ 


. 
* 


14 th, 4 Plane TU. 
The ocher Way to ſind the Angle R M 1 is chu, 


1 the Triangle K MCare given R M, MC, and the Angle un 
yy: 6 152.3. therefore I fay, | 
BY - As the Radius of the Center of Gravity: . | 
To the Radius of the Cylinder :: (or as: 2 to 3, or N c: MR: 
804 is the Sine of the een MRC of 117 22. =. 
wi To 3882285 the Sine of the AngleR CM, er! =22% 50. 


And that Ang le Rc/ being equal to the two 85 2 MR c, 
NG or KC if from 229. 500 be ſubtracted 15 for the Angle MR C 
SRM , there remains the Angle ſought R MF 87 o, as before. 
3 5 therefore ſubtracted 45%. 40 , from 1 80. he th will remain for 
2 T 134*. ꝛ0“ for the Way of the Cylinder on the Plain Ty, 

8 is, 134 3; of ſuch Parts of which 360 make the Circumference of the 
Cylinder, by which one nme 1 9 3 it riſes on the 


FIR: thus, | 
As the whole Sine: 

V 805% is che * ol the 4. „TZ. 

e 1 1 To Z 345 TR 2 E. J. ve RS 
*Seetbe lf 1 2 j 9 
Edition of 1 | 856 1 Center of Gn may hs old, Ben 8 By t 
Sir {/aac Means may be found the Center of Gravity of our Syſtem, in any Pofiti 
Newtons of the Planets *. Let us firſt ſuppoſe them all on one Side and in a Line 


r 8 a3 80 Az going thro' the Sun's Center Ca Or to peak like an Aﬀtronomer 
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or G, and our Bodies forwards, backwards, or ſide-wiſe, as far as T or H, 


4 


Planers. pe in Oppoſition; and the 3 


g's 
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Rig, 1s. 
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Satellites of the primary Planets _. - 


prelented in Fig. 7. the Line of Direction goes /thro' the Point C af” Plate 8. 
| 0 F ig » 7. 


M 2 without 


\ 
#8 
5 
5 
8 + 
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Left. 


Fig. 13, Line; but. it is what they have leam'd' 


i" 


Annotat. without danger. of. 


WW 
Pig, th.” Baſe. Bur if we ber ane Foot. before the geber, as in A. 10 , l lite 
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II. rection traverſes no farther than I A or H B, and falls any where with 


the Space A B; which in this Situation of our Feet makes a pretty 1 


Puſh fide-wiſe will make the Line of Direction (which went thro C) fall 
out of the Baſe. to the right or left, towards E or B; in which Caſe a 
Man muſt fall, if he does not quickly remove his Feet to the Poſition of 
Fig. 7 or g. When we fland upon either Leg we muſt bring our Body ſo much 
over the Foot A B or DE*, that the Center of Gravity being direUly. over. 
it, the Line of Direction may go thro' c or K; and in walking, the Line 
of Direction muſt travel thro every Place where each Foot is ſet doyn; 
going ſucceſſively thro* the Points E, A, D, B, whilſt the Center of Gravity 
goes thro' the Points G, C, E, &c. ſo that unleſs a Man, in walking ſtreight 

orward, ſets one Foot direftly before the other, the Line of Direction will 
not deſcribe a ſtreight Line upon the Plane where the Man walks, but 
an indented Line, that is Angles, to the right and left, whilſt the Body of 
the Man goes on in a wadling Motion. This we ſee in the walking of 
fat People, and all others that ſtraddle in their Gate *. The Line — Di. 
JJC d tr RAM 


It is not ſtrictly true that any Man in the common Center of Gravity of the Man 
his common Walk ſets one Foot ſo exactly and Pole is brought to C, in which Caſe the 
before the other, as to aur 6 the Bottom of Line of Direction CD goes thro the Rope. 
his Line of Direction in a ſtreight Line, as re- Thoſe who are well skilFd in this Art will 
744 in Fig, 10 and 1. Becauſe if a ſtreight ſometimes uſe their Arms only, inſtead. of a 

ine be drawn with Chalk, it is difficult to Pole; and it is very common for ſeveral of 
walk ſtreight along it; but the plaineſt Proof them to dance with a Flag, with which they 
is the Obſervation of two upright Sticks, of ſtrike the Air the ſame way that the Center 
about the Height of a Man, the one painted of Gravity goes when the Line of DireQion 
white and the other black, and ſet up about does not go thro the * and, by the 
ten. Yards beyond one another, in the came Reagion ofthe Air, the Cemer of Gravity is 

Line that a Man walks towards them; for in brought back to its proper Place 
_ ſuchi a Caſe, tho* he keep one Eye ſhut, the Tho/e that. wy, enguite farther into this 

laſt Stick will appear ſometimes on the right Matter, may tonſult J. A. Borelli, in bis Book 
and ſometimes on the left of the Firſt; and De Motu Animalium, ChD. 18, 19, 20 4 
the more ſo, the nearer the Man comes to the 21. In the, /aid à il Chapter he gives an Ar- 

8. Sticks. Rope dancers“, indeed, go in a ftreight count of the Motion of an Horſe, fart of which 
| y las it is very curious) I ſhall repeat Bere. 

Art, and inurd themſelves to by long The Ancients | obſerving that Horſes and 
Practice; a they muſt even after all have other Quadrupeds, in Galloping, lift u 

Helps tok their Center of Gravity over their two fare Feet, and then their hin 
the Rope They generally fix their Eyes Feet, as ſoon as the fore Feet are ſet donn, 


ry 


% 
5 


on ſome diſtant Point in the ſame Plane as did En that in Walting, as well as Pa- 


the Rope. ogg? yy ce commonly a long cing and Trotting, an Horſe has two Feet off 
Pole loaded at the Ends with the Balls of of the Ground at one time; and accordingly 
Lead B, b, 15 the Motion of which they in their Bra or Marble Statues, they have 
Can alter the Poſition of the common Center repreſented their, Horſes with two-L.egs off of 

of Gravity of their Body and the Pole; as the Ground diagonally oppoſite, as the right 

for Example, the Center of Gravity of the before and left behind, or left before and 
Rope: dancer C A being at A, his Line of fight behind: The modern Statuaries have 


Direction ſhould go thro* a, off from the alſo fall n into the ſame Error, becauſe in the 


pe; but by moving the Pole towards B, a Was; 
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of Direction as it cuts the Ground at A, B, C, 


their Legs ſo plac c'd as to put one Foot before the other with greater Ea 


Fig 11. © 2s an oblong Machine ſuſtain d + Feet A, 


reftion going thro” the ag! A, B, C. D, E, describes a  Areight ae wakes 


Fig. 11, where the Feet are ſet before one another ; 3 but when the Motion Left, , 


of one Foot is in a parallel Line with the. Motion. of the other, an in- 


dented Line is deſcrib d by the Center of 28 5 above, and the Line f Plate g. 
E, Fig. 12 Ducks, a 2 Pg 11 

Geeſe, and the greateſt part of the Water-fowl, whoſe Legs are ſet. wide. 

aſunder for the Conveniency of their ſuimming, and quick in the _ 

Water, have always a wadling Motion upon Land; but a Cock, a Stork, 

an Oſtridge, and moſt other Birds that are not web- footed, walk almoſt 

directly forward, without wadling (eſpecially when they walk flow) r Ea 

5 


Thus Quadrupeds ſeldom or never waddle, becauſe they have commonly 
three Feet upon the Ground at a time; So that however the Baſe ee 
the Line of Dire Aion alters from a quadrangular to a triangular Figure; 


that Part of it, in which the Line of Direction falls, is always in, or 


near the ſame Line. 1 
When a Man ſtands in a firm Poſture , AB, the Diſtance of his Feet;+- -Plate RA 


= is the length of a 7 uadrilateral Figure, whoſe Breadth is nearly the Length Fig. 3. 


of the Feet, and the Point under the Center of Gravity C, where the. 
Line of Direction falls. Let the Lines AC and BC be drawn, then let 
thoſe two Lines and D C be continued to the Points E F G, ſo as to make 
the Triangles ECG and AC B equal and. ſimilar. As long as the Line 
F D (or a Plane going thro” it) 998 the whole Body of the Man into two 


| | equal Parts, the Center of Gravity will be at C, and CD will be the. 


Line of Dire&ion. . But if the Body be inclin'd towards the left Hand H, 


the Center of Gravity will move from C to , the Line of Direction will 1 . 


become H B, and the right Foot being eaſily remov'd. from: A may be car- - 
ried on. beyond B, by which Means. the. Man will ge on towards the left: . 


| diſtinguiſh, and therefore he * men from © quently carries on the Line of Direftion I 


Mechanical Principles, that the Motion of to G, as it ſelf moves from C is to F; 
raiſing two Feet at once in Walking can- this done, immediately the Foot B is nid, 5 
not be conſiſtent with the Wiſdom and Sim- and carried forward as far as H, which Mo- iD Ee 2 
plcity of Nature. To Borelli therefore I re- - tion of the Foot is eaſy, becauſe the Line of 5 
er the Reader, who word know what the Diredtion firſt falls * the Triangle A 5 4 
Motion is not, and anly- 8 "node in, D, ſecondly wirhin the Trapezi dum B FP, 5 
here, what the Motion is. 74. that is, the Bodyof the Holte 4e en ab 
ane «> Lat us conſider an Horſe * * * three 5 four Columns Laſtly; the:three , 

F remaining, firm, and taking in 
by the four Legs, as four Props  * the Line of Dite&ion at 88 immediately the 


| or Columns, reſting on the Foints'A B CD, * left fore Foot B is carried forward to ; 


* which,make a reftangular quadrilateral Fi- and, b — Impulſe already made the Cen- 

gure; then the Line of, Direction will fall ter of ag is alſa carried over I, namely 

c perpendicularly on E. a Point in or near the. 4 * the central oint of the. Rhomb A HF D:. 

Center of the quadrilateral Figure, uhich „ The Motion of the two left Feet being com: 
* will make the Station or Standing of the 4 pleated,* the Impulſe” and- Motion of the 

Horſe the moſt-firm.; The progreſhve Mo- « right hind Foot D begins, and then that of 

tion begins by one of the hind Feet, as for ' the-right-fore Foot; and ſp on in the Man- 

: — e, the left hind Foot C, which by © ner . deſcrib d, as the Animal moves 

© ftrongly * back the Ground movesfor-. * forward. 


. the Center 11 ys and conſe- 5 5 50 | In: 


derives LY 
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Annotat, . In like Manner by inclining towards I the Line of Direction will be re: 
Lett. II. moved to I A, and the Man go to the right. When a Man ſtands upon 
one Foot, it is with ſome Difficulty. For Example, let the Line of Di- 
Plate 8. reftion be CD; by the Motion of the Blood, and Lungs, and other Ani. 
Fig. 3s. mal Motions, the Center of Gravity will be apt to vacillate or totter to- 

.,: . wards F or G on either Side about the Center of Motion D, where now 
the Baſe is but ſmall. If the Line of Direction comes to B the Man mu 
fall forwards, backwards if to E; and tho' A be under the Heel of the 
Foot, yet in the Motion of the faid Line of Direction from D to A the 
Body will be apt to go too far towards E, and ſo bring the Line of Di- 
reftion beyond the Baſe. This will more probably happen in the ſide Mo- 

tion of the Body; ſo that the Body will be in danger of falling, unleG 

the right Foot be put down towards that Side where the Body inclines, 

Birds ſtand upon one Foot much more eafily than Men, becauſe their 
Line of Direttion being much ſhorter, and the Baſe of one Foot a large 
Rhomboidical Figure made by the four Claws, the Line of DireCtion cannot 
go out of that Baſe, unleſs the Center of Gravity riſes, which is impoſ- 
REEF 0 ETC. M 
When a Porter carries a Burthen upon his Shoulders, he muſt ſtoop, 
becauſe if he ſhould ſtand upright, the common Center of Gravity of the 
Man and Burthen would be ſo far brought back that the Line of Direc- 
tion would fall behind the Feet. For the fame Reaſon, when a Woman 
with Child is very near her Time, ſhe bends backwards as ſhe goes, by 
Reaſon LO the Burthen before, which otherwiſe would cauſe her to fall 
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Plate 9. 15. [49.— Roll along the Plane. ] If the Ball * F E be laid upon a 
Fig. 1. {ſmooth horizontal Plane AB, it will ſtand ſtill, tho” it touches but in one 
LY Point as O, becauſe the Line of Direction C O goes thro' the ſaid Point; 
Rf but if the Plane be ever ſo little inclin'd. to the Horizon, as in the Poſi- 
= tion CD, the Ball will continually roll forward towards D, becauſe then 


ie 


=_ the Line of Direction will always fall before the touching Point. 
=_ Plate 9. If ſuch a ſolid Body as G, contain d under twelve rectangular Parallelograms, 
= . Fig. a and 3. and two oppoſite, parallel and equal Dodecagons, be laid upon the inclin'd Plane 
BA, as it will ſlide from A to C, the Center of Gravity moving in the 
 —_ Line eg parallel to the Plane DC, and i one of the parallelogram Planes 
of the Body always touching the ſaid Plane AC. But if the Plane be 
more inclin d, as in the Pofition D E, it will appear, by drawing the Arc 
e f with the Diſtance ie about the Point 7 (the only touching Place of the 
Body then) that the Center of Gravity can deſcend; and when the Point o 
is applicd to the Plane DC, the Line of Direction will fall beyond the 
ſaid Point o towards E; and therefore the Body will roll or tumble to- 
wards E. In the ſame Manner all the angular Points, or rather the Edges 
of the Plane Surfaces, will ſucceſſively apply themſelves to the Plane DE 
till the Body has roll'd quite don. © ©2m_B”” (Fe © © © 
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Aue of Experimental Philiſuphy. 


16. [49 In the Load of Iron the Center of Gravity is low; but very Annotat, = 


hich in the. Load of Hay. - | 


Let. II. 


K * is the common Center of Gravity of the Load of Hay and the Car. 
riage PM, whoſe Line of Direction is K E, whilſt the Plane P M (on Plate 9. 


which the Carriage is drawn) is horizontal; but if C D bean horizontal Line, F * 


the Plane PM will be inclin d to the Horizon in the Angle BP D, and the 


Line of Direction being chang'd from K E to KP (becauſe KP is the only. 
Perpendicular from K to C D) will fall out of the Baſe QM towards C, and 
conſequently the Waggon will be thrown over that way; which alſo appears by - 


drawing round the touching Point Q with the Diſtance Q K, the Are K 


ſhewing the Way of the Center of Gravity, which can in this Caſe deſcend - F ones 
without firſt riſing. For the fame Reaſon, if the Carriage was drawn along 
an Horizontal Plane, whoſe Section is repreſented by CD or PN, and the 


Wheel M ſhould meet with a Rub of the Height of N M, the Load of 
Hay would alſo be overthrown upon that Account. N 


But as a Load of Iron “ lies much lower upon its Carriage, the Cen- Plate 9. 


ter of Gravity muſt alſo be lower, and therefore the Line of Direction Fig - 5. 


will fall within the Baſe on the ſame Inclination of the ſupporting Plane, 


as would occaſion it to fall out of the Baſe in a Load of Hay, as is evi- 
dent from the Figure. Let C D alſo here repreſent an Horizontal Line, 


and QM the Road or the Baſe ſupporting the Carriage, the Angle of In- 


clination MQ_N in this Figure being equal to MQ N in Fig. 4. The Line 


of Direction K P will here fall within the Baſe QM, and cannot fall out 


of it till the Angle of Inclination is encreas d to BI, by making XY - 


che Horizontal Line; or, which is the fame Thing, unleſs the Wheel M 


meets with a Rub of the Height of ) M much higher than the Rub Which 


vo 


would overturn. the Load of Hay. 
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culties, or Mechanical Powers , are ſuch Inſtruments 


Lett. III. * Machines or Organs, call'd by ſome n 
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Annot. 2. 


daãl2dl,als are of one Piece (or conſider'd as ſuch) by means of 
which the Powers deſcrib'd in the laſt Lecture act upon 
Weights, in order to give or ſtop Motion; to overcome, make 
J 7 oo oo He 7 roger £1040 TEL 


2. All Engines (however compounded) for the Uſes of Life, 
are made up of various Combinations of the ſimple Machines. 
Sometimes all of them may be found in one Engine;  ſome- 
times two or three of them; and ſometimes only one of the 
Mechanical Powers multiplied. - eds 10 e gfe IT bs 


3. The N x Machines are the ſeven following, vis.- the 
Balance, the Leaver, the Pulley, the Axis in Peritrochio (or 
Axle in the Wheel) the IJaclin d Plaue, the Weage, and the 
Screw. N. B. Authors differ in their Enumeration of the Me- 

chanical Powers, /ome making them to be Six, excluding the In- 
clin'd Plane from thoſe which I have nam d. Others have re- 
duced them to Five, conſidering that the Screw is only a Wedge 
carried round a linder: And others again have made the Lea- 
ver and Balance to be the ſame Power, from their near Reſem- 
blance. But ſince the Ju Principle is only applied different- 
by (as may be ſhewn by reducing all the Mechanical Powers 70 
the Leaver, or explaining all their Operations by that of the Lea- 
ver ) and we are to give an Account of the Inſliruments con- 
triv'd for that different Application, the Mechanical Powers will 

appear to be Seven. No „ C 


| 4- Before we explain theſe Powers or Organs ſeverally, there 
are ſome general Things to be conſider'd relating to all En- 
gines, which will facilitate our Calculations concerning them, 
and render the Execution of them in Practice, as perfect as the 
Nature of the Materials of which they are made will 3 * 
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86. Tito! Abb of: he Bodies which " AG ire mA Pt... 

hard, or truly of the Figure which we "intend to give ther; 

yet we are to 5 every Thing perfect in all our Engines; 

as for Example, that ſtreight Bodies, as the Beam of a Balance, 

a Leaver, Oc. are übe iel Rivide, and without Thickneſs, 

or Lines altogether inflexible; that che "Mechanical Pour: 

(whether Simple or in Compoliiog in complex Engines) A 

without” Weight, Whatever Materials they are made of; that 

Bodies are perfectly hard and ſmooth; that the Parts of En- 

gines move one another without Friction; that Cords are ex- 

tremely pliable; that the Center Pins of. Pullies, or Axes of 

Motion of them, of Balances, Eeavers, Axes in Peritrochio, Ve. 

are e only. Mathematical Lines. ꝓCͤſC tes 

420 Hp 7+ | . . #3 410% Y- 81 

7 Tuo 141 * H '6f Deacon of all heavy, Bodies tend 1 L.z 2 22. 

towards the Center of the Earth, and conſequently converge ; 

together in a ſmall An 5 yet we muſt conſider them as pa- 

ralſel, becauſe they are ſo, as, to Senſe; their Point of 'Cony 

gence being © near 4000" Miles off. For this Reaſon” the Watts 

of a Building, When exactly adapted to the Plumb Rule, are 

nearer at Bottom, than at Top; tho' in Practice we mu al- 

ways look upon, them a pajallel. rl ar | 


— \ 3? 18 * 4 "4 W * F ol 
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9. NG T Tl reine cle Palit of the Suppoſicions, we e nal 
not be led into any Error by them; becauſe, by a ſecond Con- 
ſideration, we are to have regard to the Imperfection of En- 
gines and Materials, and the Quantity of Hictage or Friction; 
which differ according to the Number and Combination i ; 
Parts and Nature of the Materials, of which the Seal 
Engines conſiſt ; And having made uſe” of the beſt Me- 1 
thods we can to diſcover the Imperfections abovemention'd, 
in each particular Machine; we are to take care to allow 
OW enough 


Lect. III. enough to ; be dedukted from the Calculation made concerning 
an Engine ſuppos'd Mathematically true. 
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N. B. Several Methods of finding the Neue 17 F . 
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of Ft DEFINITIONS: 


* to a Mechanical Organ, or Engine, that their Momenta 


or Quantities of Motion, or moving ds gero one ano- 


L.. * they are ſaid to be in LEquilibria To. 


10. Wasn Powers, whoſe 1 are JOS or- LR al, 
are fo applied to an Engine as to e wech bebe e 
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ines, may be wt og d as Powers and * ebe alread as 
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59. Wu Powers and Weights N AY Velocities reci- 


L. 2. 20. procally as their Maſſes, or as their Intenſities *, their. nme 


9 Are equal e they are in 2 30 4 ring als 3h 1 


it; i. Is nt 3 1 


2 Ir the Momentum of a 0 be greater than that il the 


Weight, or (on the contrary) the Momentum of the Weight be 


1 > n Power, OE Walt 12 05 45 rennen ee, Or * 


i 441 F Py i 18 , 4411 7 10 01 W . . 

le Warx either- the Velocity (the Wo being 150 or the 
Maſs or Intenſity, of a Weight or Power (the Velocity being e- 
qual) or both Maſs. and Velocity together are greater in a Pow. 


r or Weight than in the oppeſite (or counter-acting) Weight 


**m 44% 


or Power; the Momentum: of the former. will be enter than 
„L. 2. 15, that of the latter K. 


17, N. B. This will happen, het the Biene be ever / finalt; 
the? then the Reſiſtance made 25 the K fan WW L hinder le : oy : 
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9. WHtn Waden or unequal Quantities of Matter are fo. ap · 
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15, Tus eſſential Parts of a Balance are (1.) th 
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AB *; (2.) the Axis of Motion, conſider'd only as a Point or 


Center of Motion C, which divides the Beam into two Parts ; 
(3.) thoſe Parts cal'd the Arms or Brachia, as A C and CB, 
Which are either equal, as in Fig. 6, or unequal, as in 7g. J. 
(4.) the Points of Suſpenſion, as * A, B, in 
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17. WEE Weights hang fr 


to or farther from the ſaid Points. 
| Bxrntannr 1. Tf, E. 


74 
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18. Let the Weight Q, with its Rope Q A hanging at the 


End A of the Balance A B, be equal to the Weight P, toge- 
ther with its Rope D B. Hang the Weight P at any of 


« Place 9. 
Fig. 6 andy, - 


a LILLIE OTE Cl HAS. Fig. „ 
. 5 ely from the Points of Suſpen- 
ſion, they gravitate neither more nor leſs for hanging nearer 


Loop G, E, E, D, of its Rope, and it will at any of them make 
an 


quilibrium with the oppoſite and equidiſtant Weight O. 


19. Wax the Beam of the Balance is equall „ divided by the 
Center of Motion (as in the 6th Figure) with Scales hanging 


freely from the Points A, B, inſtead of the Weights Qand P, 


it is the Libra, or common Pair of Scales. 


® 


20. Tuis Inftrument ſerves to compare together Bodies which 


have equal NIN of Matter, tho' ſometimes differing in 


Bulk; for when the Commodities to be bought or fold are 
placed in one Scale, ſo as to keep the Weights in the oppoſite 


Scale in /Equilibrio, the Momenta are equal; and ſince the Ve- 


locities are equal on account of the equal Diſtances A C and 


CB *, the Quantities. of Matter muſt be likewiſe: equal; and this 12. 


is ſhewn by the horizontal Poſition of the Beam banging freely 


ter of 3 See the 4th Annotation. 
HexcCE fol 


on its Center of Motion, which is plac'd a little above its Cen- 


lows, that the Diſtance (that is the acting Di- 
ſtance) of any Weight is not to be meaſured from the Cen- 
ter of Motion of the Balance to the Center of Gravity of the 

| N 2 | | Weight; 


Ann. 4. 


Leck. III. Weigh 


D OE IT 1 COT OR 
t; and therefore the Lines C, Cn, do not expreſs the 
_ vYV Diſtances of the Weights P and Q; but their Diſtances are 
mr properly C B and C A, the leaſt Diſtance from their Lines of 
Direction N and M to the Center of Motion C: And 
+. therefore when the Weights hang freely upon an Horizontal 
Balance, the Diſtance of their Points of Suſpenſion from C may 
be call'd their Diſtance and meaſur'd upon the Beam; but if 
the Balance be in an inclin'd Poſition as 2 &, not 6 C and 4 C, 
but 4 C ande C vill be the Diſtances of the Weights p and , being 
Lines perpendicular to their Lines of Direction P o, q a, and 
going thro' the Center of Motion, conſequently the leaſt Di- 

Lanees from it to the ſaid Lines of Direction. 


Pfl. 9. Fig, 21. TRE Balance, whoſe. Brachia are unequal *, as A B. (Eig. 


7% _. 5.) is the Roman Statera, or our Steel-yard; or the little In- 

 _ ſtrument which the Chine/e (who take all their Money by 

Weight) always carry about 'em, call'd the Dotchins, See Num. 

. k3-: Of Let. 2. Plate 4. Lig. 3. This Inſtrument, ſerves to 

compare together, at one Operation, Bodies that have equal 

or unequal Quantities of Matter, but in weighing heavy Goods, 
. . ̃ Ä ͤ vv a. 5,5 ao 

Pl. 9, Fig. THE Balance of Fig. 8. may, ſerve, as a Steel -· yard Or. as 

on a Pair of Scales, on account of the ſeveral Diviſions on each. 


F 


7 HE OR R AN. 


22. One or more Weights ſuſpended on one Brachium of 4 Be- 
Lancs, will be in Æquilibrio with one or more Weights ſuſpend- 
ed on the ot her Brachium; provided that the Sum of the Mo- 
menta (on the whole! Quantity of Motion) of the Meigbit on 

one Side of the Center of. Mol ion, be equal: to the Momenta.on 
pony t peace rea ee þ 


: * . ; * * 4 1 ; 5 0 ; ? 
„% anner H. Ph ge 80 5; 


23. UeoN. the Brachium A C hang three ſingle Pounds. at 
the Diviſion 8, a ſix Pound Weight at Number 5, a. three 
- . Pound Weight at Number 1, and a nine Pound Weight at Num- 

ber 3. Then on the Brachium C B, hang a two Pound Weight 


E 
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3 : F 


* 6 wn 
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„ | = 1 . ET”. 
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= 
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at 2, à twelve Pound Weight at 5, and a two Pound Weight at Let. III. 
10. Then the Balance will hang in Aguilibrio. 1 1 * 
24. Stxcx the Velocity of Weights hanging to a Balance de- 
pend upon their Diſtances from the Center of Motion, each 
Weight being multiplied by its Diſtance from that Center will 
give its Momentum. Therefore 8 X 3 ( 24) ＋ 5 X 6 (= 30) 
E +3xX 1(=3)+3Xy9 (= 27) make up the Sum of 84 for 
the Momentum or Quantity of Motion on the Brachinm AC: 
And 2X 2(=4) +5 X 12 (=60) +10 Xx 2 (= 20) make 
the like Sum 84 for the Momentum on the Brachium CD: And 
conſequently. theſe equal Momenta acting in contrary Directions 
muſt produce an Æquilibrium . If all the Weights on the Bra- * 9. 
chium A C were reduc'd into one, vig. a twenty-one Pound 
Weight hanging at the 4th Diviſion, it would keep in AÆquilibrio 
a Weight equal to all the. Weights on the Brachium C D hang- 
ing at a quarter of a Diviſion beyond the 5th, becauſe 4 X 117 
= 5; X 16 = 84, as has been ſhewa in the ſecond Lecture L. L. 2. 13. 


T 


25. Equal or unequat Weights ring ſuſpended at the Ends of 
a Balance of known Length and Weight. How to find the fd 
Point on Center of Motion about which the ſaid Weights, will 
6e in Æquilibrio. 7 Wo, ati 


Ex PERTMEN F III. Pl. 9. Fig. 7. 275 any 


AB is a Balance: weighing four Ounces, and of 12 Inches 
in Length, at whoſe Ends A and B are ſuſpended Weights of four 

and eight Ounces. Find out the common Center of Gravity of 
the aid Weights * which will be directly under the Point K at L. 2- 37- 
Numb. 4. Let K be made the Center of Motion, and. then | . 
the Center of Gravity being at its loweſt Place *, the Problem L.. 46. 

will be ſolv'd, if the Balance A B has no Gravity. But as the 
Balance weighs four Ounces, the Brachium A K will over-weigh . 
the Brachium K B, and: ſo deſtroy the Æquilibrium. Now a. 
| ſecond Operation like the former, will perfectly ſolve the 

Problem, after the following Preparation. Suſpend the Weight. 
E equal to the two former Weights or. 12 Ounces at the Hook. 


under K at the common Center of Gravity of the two WR k 
| | = | Which 


T 


Lect. III. which reducing their Weights into the Center of Gravity, they 
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Will act as before * : Reduce alſo the Weight of the Balance in- 


*L 


. 


* So 34. 


to its Center of Gravity, by hanging the Weight D of four 


Ounces (or equal to the Weight of the Balance) at * under 


6 rhe Center of Magnitude, which is alſo the Center of Gra- 


vity, becauſe the Balance is regular and homogeneous. Then 


' ſhall we have the ſhort Balance 6 4 'or K without Weight, 
and the Point C or true Center of Motion will be found by 
_ this Analogy, E D (16 Ounces): D (4) :: * K (or a Length of 
two Inches): K C (or half an Inch.) This Point will be directly 
over the Center of Gravity of the Balance and all the Weights ;and 
taking away the Weights D and E the Æquilibrium will remain, 


the Alteration of the Center of Motion from K to C making a- 


| mends for the unequal Weight of the Brachia of the Balance. 


PROBLEM. 


26. A given Weight hanging at one of the Ends of 4 Balance 
of known Weight, 10 find the fix'd Point about which the Ba- 


0 ExesximentlV. Ply. Fig.g. 
Havins ſuſpended the given Weight D equal to four Pounds 


(for example) at the End A of the Balance A B, which weighs alſo 
tour Pounds; ſince the Weight of the Balance is conſider'd in 


this Operation, we muſt ſuppoſe the whole Weight of the Ba- 


L. 2. 43-lance reduc'd into its Center of Gravity *, as if the Weight E 


of four Pounds hung at C the Center of Gravity of the Balance, 
which is at its middle Diviſion 6: then we ſhall have a new Ba- 
lance (vg. A C) without Weight, at whoſe Ends hang the Weights 
D and E, whoſe fix'd Point will (by the laſt Prop. 


„ % 8 
Is to E (The Weight of the Balance) :: _ 
Zo is CA (Half the Length of the Balance):  _ 


To A 3 (The Diſtance of the fix*d Point from the given 


. found at 
3 3 or more generally by this Analoga ů 


5 As D+E (or the Weight of the Body and the Weight 
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25. To make 4 deceitful Balance or Pair of Scales, whoſe Let. III. 


Beam will hang in #quilibrio without the Scales, or with the 


Sn 


empty Scales; and yet ſpall alſo be in Æquilibrio when unequal 


Weights are plac d in the Scales 5 [0 as to cheat in any Propor- 
tion intended in making the Balance at firſl, ' © 


* # 


. 


be Appearance of a common Beam, as in the following 


ExyEx1MEnT V. P. 9. Fig. 10. 


To the Beam A B (23 Inches long, whoſe Brachium CB, of 
11 Inches in Length, keeps in Ægquilibrio about the Point C 
the Brachium CA, of 12 Inches in Length, by being made 
ſo much thicker, or having ſo much more Matter, as may 
make amends for its being ſhorter) ſuſpend the Scales D, E in 


Tuts Problem is ſolv'd by making a Hatera or Steel. yard with 35 


ſuch manner that D, which weighs one Part in twelve leſs than 


E, ſhall hang at the longeſt end of the Beam, and they will 


keep each other ia Mquilibrio . Then placing 12 Pound Weight 
at G in the Scale E, it will keep in Æquilibrio no more than 11 
Pounds of F, the Commodity to be fold if plac'd in the Scale 


D. Becauſe then, F will be to G, in a reciprocal Proportion 


E Aw (P er 
Tno' ſuch a Balance may be ſo nicely made as to deceive the 
Eye; the Cheat is immediately diſcover'd by changing the. 
Weights and the Commodity F from one Scale to another ;. for. 


then the Owner of the Balance muſt either confeſs. the Fraud 


D 


or add to the Commodity he ſells, not only what was wanting, 


but alſo as much as he intended to cheat him of, and a Fraftion. 
of that added Weight proportional to the Inequality ' of the 


Brachia of the Balance. That is, in this Caſe, the Buyer inſtead: 
of 11 Pounds offer'd him for 12 his Due, will have (by chang-- 


ing the Scales) 13 Pounds. For whereas in the firſt Poſition 


of the Balance F (11) X AC (12) was equal to G (12) K BC. 


(11 when G or 12 Pounds is plac'd in the Scale D, then 12, 


X. 12. will be equal to no leſs than C B (11) X. 13 rr G;. or.. 
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D keep in Æquilibrio the Weight W of 4 Pounds, let an animate 
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96 5 A Courſe of Experimental f hiloſophy. 


Left. III. As the Brachium C B, 11 Inches long: 
| | Is to the Brachium CA, 12 Inches long:: . 
So will be E, or the Weight 12, plac'd in the Scale D: 
I Gr 132 or the Weight of the Commodity keep- 

, ing the Weights in Æqui libris. 


Abd therefore as this Analogy gives a reciprocal Proportion 
between the Weights and their Velocities, the Momenta will be 
equal, which with contrary Directions deſtroy one another. 

N. B. In all theſe Caſes we ſuppoſe the Werght to hang freely 


from thoſe Ends of the Balance to which they are faſten'd. See the 
-. * Ann. 5- . oe ho ©”. 


SY OO t B E JO: 
2868. Tas Leaver (a known Inftrument commonly call'd a Hand. 
. ſpike, when of Wood, and a Crow, when of Iron) is, in Theo- 

ry, to be look'd upon as an inflexible Line like the Beam of a 
Balance, and ſubject to the ſame Proportions, only that the Power 
applied to it is commonly an auimate Power; and from the dil. 
ferent ways of applying it, it is call'd a Leaver of tlie ut, of 
BE #hird Kand:::. i oo i bo arts 3 32 


ExreximentT VI. PI. 9. Fig. 11. 
F Ea | EE Rs 


4129 LET the Steel-yard P W. be taken off of its Hook K, and 
BY let its Center of Gravity C be plac'd upon a Fulcrum or tri- 
N | angular Priſm DE; and inſtead of the Weight i hanging at P to 


4 _ 


Power, as the Hand, be applied at P: The Starters or Steel. jard 

will then be turn'd into a Leaver of the firſt Kind, fo call'd be- 

cauſe the Fulerum or fix d Point is between the Ends as at C, in 

which Caſe the Power may be four times leſs in Intenſity than 

the Weight; but equal to it, if C or the Fulcrum was remov'd to 

M (the middle Point of PW) and four times greater, if C was 
removid to 3. N. B. In all theſe Caſes, the Leaver is ſtill ſaid 


30. Wren the Fulcrum is at one End, the Power at the o- 
„„ ther, and the Weight between them, the Leaver is of the /e- 


31. Bor 


$3. * de P An. ay _=_ S * of: 1h ata 1 WE nt. 70 £ 


3981 


Bod, the * — at the other, and the Power between them © 
N. B. The Power 4d Weight are ware fuppo 8 28 4 

right Angles with the Leaver, except it be . 

far then the Caſes will vary], as muy be ſee 

the Balance, which are equally applicable to the Leaver.” 


el A erkind 


34. F e the three 1 FS B, D, in SEA, manner up- 
on the Fulera E, E, F, that A may have che Proportion of its 


43 A TE 
1 AB 4} . „ 
Pl. 3. Hg. 14. 9 50 


MT ACT. 


Leavers act upon each other; then making uſe of a Power e- 
qual to one Pound at the End M of the Leaver D, it will 


ver A. * I 5 34 1412 33 — 18 24 No 3 "i "ge" 21 ve 211 BP ki 1 8 ö * £ 3 4 A e 57 12 4 A, 


In this compound: Leaver, the Proportion, or 
Weight W to the Power M is compounded of the ſeveral Ra- 
7 of the long Brachium of each Leaver to its ſhort'one; for 
5 X4AX 6 = 120. And accordingly you will find by meafring 
the Aſcent and Deſcent of tlie Ends of the firſt and laſt Leaver, 
that whilſt the Weight W deſcends 5 # of an Inch, the Power or 
little Weight, M will aſcend%;orr 12 Inches, the F orce to be 
gain'd by ſuch a compound Leaver being ſhewn by the re- 
ciprocal Proportion between the Maſſes and Velocities of Wand 
and ie mne Bai FFF 6910919) A304 71 75 

Wnurn two Powers 2pplicd to the Ends of à Leaver, ſup 
port a Weight reſting upon the Leaver, they are £0 one 
another reciprocally as their” Piſtances from the Weight, „The 
1 is mark di in the Figure * 91908 


* 
* | { 4 1 


* 4 
* 
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L K, loaded with the Weight 7 Ut C; and the Weighes whoſe” 


b. as the l Diſtances IC and C 8 5 Will keep i in. 


. 


i 
in the 1 ber * n * Aun 5. 

16112 n 
TE Proportions, which the Powers and Weights bear recipro- ; 
cally to their . are kt Gown”! at Dy Gap 12th and! 
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Brachia as 5 to 1, B as 4 to 1, and D as6 to 1.; and let theſe. 


keep-in AEquilibrio W, or 120 Pounds at the End 1 of che Lea. 
py Ratio of the 


„„ 5 1 1 50 J 04 10 ß i 0 Fig. 15. 
e 41 . E * T1 TY M ENT VIII. Pl. 9. Fig. 6 bog ; 1 | * F 
ial In the Frame A BCD hang the Leaver E E dane Neue 


Ropes go over the Pullies & H, being to one 1 xr 
Ruine 


1 wy Do] 
31. Bu it is of the third Kind, when the fix'd Point is none mn 


Voll 8 190 Lis Plate g. 
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„ ee 
"may draw equally ia a Coach: for if the Spring 


Q- (1S):an 
Enn wil keep in 


as is ee et the 9 with its fix'd Point at the 5 


c N. B. The | 1. Fright 2 che Th ig not 
For unleſe the whole Brachia EBC and CF be 


70 . 4 34% 4 the. Center of Greuity for Point C) 
nut be remev'd a little fargher rewards * e Wie de 1 


tele Balance *.. An 
Ir is 7s en chis Principle that. Horles of. uneq 


qually divided, that Horſe f muſt employ more — Which 
is applied to the ſhort End of the Jaid Bar. Two Men alſo: 
who carry a Barrel hanging from a Staff are unequally. prefsd 


upon their Shoulders, if the Barrel does not hang in the mid- 


dle, the Man carrying moſt who is the neareſt, T* is farther 
illuſtrated OY ; 


. * 5 5 | £ a PIFAY 
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2 400 io ue seie Ix. Pls. * 1. 
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ts an horizontal Board A 355 on uhich 
muſt be "laid. the Leaver 1 2 divided in the Proportion of 2 
toi. (ſuppoſing it a Spring- tree Bar) then 1 aclng the Pulley x 
over-againſt 2, and the Pulley a over-againſt 1, let the Weights 

M (a it) hang by: Strings ae the ſaid Pullies, 
th N 
t ver in D. ireQion over ey 0 . 
DET; PY eee * 
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| Brachis wake. an 1 


gle as Cz che Weight W. preſſing perpendicular 
End W, will be kep in Ae, by a Weicht of, one . one 8 
drawing xhe other col the Leavet P cularly (by 


means of a Pulley © over Which the Line of "Dae er of the 
Power is carried) by two Pounds at Pp and three Pounds at 7: 


It is in this manner that a Hammer is made uſe of to draw 
a Nail. Some cif this a Leaver of the fourth Kind; but it is 
* evidently a Leaver of the firſt Kind, becauſe the Weight W. is 
at one End, the. Power. P at. the other, and the Center of Mo- 


228 ra e Arm CW be ſet ſtreigkt in 2 


to bring W to W, and c be — the 


„ N * * 1 | Fulcrum 


1 the laſttument will plainly appear to 1 a” Lever F 
of che Wut Kind #5506. © thu e ee A Be TN 
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26. W HEN a + little Wheel; commonly a Shel Ir br is 105 
fix'd 1 in a Box or Block 'as t moveable round a Center-Pin 


og-thro? ir, ſuch-an-InfFrument! is call'd a Pulley 
times, ＋ OV - 1 Box or Block with ſeveral Sherwets in Fig. 1. 
it is ulſei calbd a: ulley, as inn the ſecond Vigure 1. Ahe nt Pl. 10. 
of theſes by Wothmen d Geibel hal. Noll Srl: 19v0 has Fig 2. 
A Rope: going round one or motg uliie 1 raiſe a be. - | 
Is 1 the Running rope. an . 

Wu a Block with its Sheevers. 16406 pd; chir- hilt it 
moveable; another Block and Sbeevers riſes with the 
Weite hanging at it ; ſuch a Machine is call q a 1 

ai 1310: a Rein vtec 

37. An upper h Pulley adds no Forced to the Pocher, 
but: only prevents the Friction hy making the Rope run eafily:; 
and ſo much the more as the Shee ver is pi er than the Center- 


Pin about ich it turm *. S613 07 D3HQqs 318 Vail 28 11181 % « 1 8. 
5 3 TE 4784 Qs 20 10 wo. 20 70 Shed | gast 5 
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5 4 1 I ö 135 we 4281 Nis 7 
| . faſten'd to the Ends ps A 2 a tho Weigbts 
and 3, the firſt of one, and the other of three Pounds 


dE * 


if the 
Rope be thrown over the Square but ſmooth Beam AB, *the 
FriQion of the Rope on the Beam will — ſo great as to hin- 
der the three Pound Weight from raiſi e ohe Pound, the 
its Mamentum (without that Hindrance) is —— times greater, 
becauſe its Velocity is the ſame \ and its Matter triple 2. But · L. 254. 
if only one Pound be faften'd at the End of the ſaid APs and the hg 
Rope 1 the Pulle 
| Nee in AÆguilibrin that the leaſt Weight add 

0 — make ee 4 4% Wei oh Ana 
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bend te with- 
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18! Too an Hook coming from the Center of the Pulley . 
2 Weight of 2 10; then having made faſt. the running 

iq * Hook Y of the Arm A; bring: it under 
and over the Pulley 4, aud in 15 ati the End f 
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of the 


7 . applied to the lower Pullies; [0.45 the Power to tbe 
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38. A lower Pulley, that is "ſuch a one as is moveable with 
the Weight, takes o "half the Weight, ſo _ 2 MARIE of half, | 


its ts Intenlity will ſuſtain r : * 


. e e, nF 
03 28 5] 30 id Fig: 4 5 1 11 


RY pals M wee i: 
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e ſaid Pulley ge 
the Rope Will 
ſuſtain the 2 is hanging from enthe "Gentero e of the Pul- 


e- 5 u 8 * 9142 5 ˙ 14 It vey 2Þ 


ley SE Fun 2112 b 


„Tr the Power pulling dow at x: W li the ſame man- 
ner as if Arpad unde at 4 is evident, becauſe we have 


already shewn , that an upper Pulley neither er deaf nor 

diminiſhes the Action of the Power. 
Wr may at one View ſee in Pullies how the Rem of a Weight 
-is/diminiſh'd;4 by conſidering how + many Ropes (or Parts 
e Rope) are employ d to raiſe. it, and wich divide the 


Weight as they are applied to the lower Pullies to which the 
Weight hangs, whilſt the Power only draws by one Rope. 


For Example, ig this Caſe the Ro 0 1 Fe and d g ſuſtain the 
Weight; but 7 e 110 {ſupported by the ook 5. h, whilſt the Pow- 


er,ohly, draws up ede Rope FH 7 Eu any of 1 Hs Fig! "DHA þ 20 | 


* 


8% K abavot 29:01 10 10 2d bas aro to > Trait 38017 1 
this general Rule, ta au 
the Advantage to be gaind by a Pair of Blocks, let their 


wg Mt Xs 


Number of: Pullies or Sbeevers be what it will, (viz.) A. 


One is to the Number ok the Ropes (or of. the Parts of: mw __ 

Veight.. 

- +4 KU s it is evident, only by a figlit-of- the Figures „ that oe 

Pound; will ſuſtain 4 W as in Fg. 3. Six Pounds as in Fig. 6. 

Five Pounds, as in . 5 And fix Pounds as in Fig. 8. 

N. B. The 7 ullier and their Ropes repreſeuted by the 5th,. 7th, 
s arg call d Frome of Four,. Taler of Five, 


Ry 591q Abit nan © 217 Ro Fits g '5 07 Bits 10 
40, IAE Machine lere In Fig. 6. is the moſt incon- 
venient for raiſing the Weight 6; hut the moſt convenient for 


bringing together the Ends of two Beams without Fe of 
, ihe : „ | . na? 


1 * 
4 9 x 2 ; $ 


o EL”. a i * Philof FIR. 5 10 Fi 
bending them, as if the Ends A and B were to be brou ht Leck. III. 
together gradually. N. B. This W ay 'of uſing Pullies is cal. 
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41. WE muſt obſerve. that the Rule abovemention'd_ is onll7ß 
applicable to the Caſes in which the lower Pullies riſe all to- 
gether in one Block with the Weight; but when they act up- 5 
on one another, and the Weight is only faſten d to the loweſt 
Pulley doubling it. As for Example“, à Power whole Intenſity * Fl. 10 
is equal to. 8 ib Gpplicd at a will, by means of the lower Pul- i 
ley A, ſuſtain 16 6, : A Power equal to 4 i (at 5). will, ;by * 3. 
means of a lower Pulley B, ſuſtain the Power of 8 tb acting at 5 
a: A third Power equal to 2 5h (at c) will, by means of the 


Logs 


0 


Pulley C, ſuſtain, the Power of 4 ib at 4: A fourth Power of 
1+: (at 4) will, by means of the Pulley D, ſuſtain; the Power f 


2 5b (at c) ; and this is not alter'd by having its Rope carried o- 
ver the 8 Pulley or Roller E *. 


— a | h wy * q * 
N. B. What. Weight each* zy. 
Pulle h Rope bears in this Syſtem of Pullies ir ſet down. 
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A Weight of 16 6 hanging at the Pulley A, (of the Machine 

Fig. g. made up of four ſingly moveable Pullies, a Roller at $290 

four Hooks upon the Arm E F) let the little Weight 1, Which 

keeps in Ægquililrio the Weight 16, be raiſed up to & 16 Inches: 

high, and the Weight 16 will only deſcend in the Line g 5 

an Inch long. This ſhews the reciprocal Proportion between 

the Weights and their Velocities to be applicable to this, as 

well as to all. other Caſes. of Pullies, as may, be known by 5 
moving the Weight or Power in any Combination of F allies, 4 
and meaſuring the Spaces which they go thro. Thus in Fg, 4X, Pl. 10 
while 1 ale down to 2, i goes up to B, juſt twice as far, Fs. 4. 

Vc. * This Proportion therefore will always produce an Equi: · Ann . 9. 
librium in this as well as in all othen Mechanical Engines. : 
N. B. The, Ropes, aſcending and deſtending, are always, to be 
lab bos parallel, except where it is otherwiſe expreſed *, ang* Aua. „% 
— 14 1 4111 a 9 1 * a n | 
in every Figure repreſenting Tullies, the, Pawer and Weight, 
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plied. to the Circumference of 2 Wheel as to cauſe the 
"Ye W hee! ether with its Axle to turn round and raiſe 2 
Weight applied to the Axle in any Manger, ſuch a Machine be 
* Pl. 10. cad an Axle in rhe Wheel, or Axis in Peritrochio wn. 
8 ut, Jy 'SincEx in this Inſtrument the Wheel and its Axis move to- 
gether; it is evident, that in one Turn of the Wheel, when the 
plate 10. wer * P deſcends a Length equal to the Circumference of the 
Fig. 10-- Wheel, the Weight W 
rence of the Axis A by the 1 of the Rope which carries 
the Weight upon the Tai: Axis, And fince, when there is an 
 ZEquilibrium between two Weights as 'W 1 P, there muſt 
be a reciprocal Proportion” between their Maſſes and Velocities; 


Lam 1. WY Wax a Power by help . a « Roh. or r any other Means, 


the Axis (ſuppo ng the Rope of no Thickneſs). or as the Semi- 

diameter of dhe heel to the Semidiameter of the Axis (that is 

Plate 10. as PD K to K A) becauſe the Semidiameters of different Circles 

Fiz. 11- are in the fame Proportion to one another as the Circum- 
ferences. 0 1 FF 

HexCs it follows, that the les the Axle i is in Proportion to 

the Wheel, the greater may the We wid WARS is N 


or rais d 70 the. FOMety e | 


T1 Sk: k 'F 2 116 1 11 e 
8 Erz K l INT ye II. PE 10. "up; is = Take 

mY ſy Machine repreſented by the Figure is a Model al (mate 
by 2 Scale of an Inch to a Foot) of ſuch an Axle and Wheel as 
is often made uſe of to draw Water out of a Well, by means 
of a Power drawing” by a Rope applied to the Circumference 


Hof one of the Wheels of the Machine, or by preſſing down 


0 . 


| ceievy the Handles E, E, G, H, I, K, whilſt another Rope 


or Chain is wound up u on the Axis A or B, a Bucket hang: 

0g at it inftead of the Weight W. Here in the Ex riment one 
LY Pound hanging at the Circumference of the Free Wheel C D 
Will tkeep. m \Fquikbri 12 Pounds hanging at the ſmalleſt 
Axis A, Bi 6 Pounds at the Axis B, -and on 
Circumference T V. In the ſame” manner, en the Weight 
hanging at the Axis continues in the ſame Place, and to be a 
the 


© 


155 
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— W mT #coi@c. © tu a as ca 


ies an Height equal to the Circumfe- 


W wil be to 15 as tlie Circumference of the Wheel to that o 


1 FINES TY ,, / — a « Q<© a =. wee cas ax 


yz Pounds upon the 


101 5 2 


the ame Quantity, vie. 12 Pounds, then the Power Which, at Ledd. 15 
the Circumference of the Wheel C D, is equal to 1 Pound, UT. 
muſt be equal to x 1 Pound, if it be ap lied ar $ R; but if it 3 
applied at any of the Handles at the Diſtance of 1 of an Inch 
from the Gircumference of the Wheel C D (which is the ſame 
25 if a new Wheel was added of + an Inch more in Diameter) 
then a Power e ual to no more than 74 of a Pound, will keep 
the Weight in /Equilibrio ; and raiſe it, if its Inteafry be en- 
creas'd ever ſo little. | 
Tuis is more clearly repreſented in Fig. 11. where the Weights Plate 36: 

are repreſented by the Letters W, , , and the Powers by the Fig. 11. 
Letters P, P, 2, and where you muſt obſerve, that unleG the 
Power acts upon the Handles abovemention'd at right Angles, 

or in the Lines E , F f, or Gg, Sc. the Effect cannot be the 
kme as making uſe of a new peel E, F, G, ty .to wich 122 
Lines E , F and Gg are Tangents. NY 0 Ir 


.44- Fox if a Power, as ; for Example, 5 5 


| 0 1 up⸗ LY 
on any of the Handles, as in the acute Angle P F K, or its cor- 
reſpondently. obtuſe Angle PIK, the Line of Direction of the 
{aid Power * becomes the Tangent of the Circumference DC; Ann. 3. 
and conſequently the Power aQts as if it drew by a Rope. go: 
ing round the Wheel CD: And if the Obliquity was greater 
as when the Power draws the Handle & in the Angle ? G RK ö; 
the Effect will be no greater than if the ſaid Power Thould draw 5 
by a Rope going round the Circumference SR. T he Powers- 
in theſe Caſes maſt be enereas d in the fame Proportion as the 
Lines D K and 8 K are ſhorter than E K. See the Numbers. 
in the Figs ure, which expreſs the Intenſities of the Powers. _ 

N. B. Ve have taken no Notice here of the Thickneſ7 of the 
Rope, to which 4 Regard is to be had in Practice, always ad. 
ding half the Thickneſs of the Rope to the Semidiameter of the 
3 4 a pop 12 Rep e is wound up upon it ſelf, for every ſuch 
Turn we mu add half its Thickneſs, 45 ic the 


® 


eafor - 


why more Tauts wo be applied when the Axis. is thus thick. 


{ and aan. 


ned, as ten happens in Nach Water from 4 de: 
row Well, over which we cannot ave a Jong Avis. 


45. Ir rhe Rope to Which the Power is faſted. * ſu 100 
ſively applied to different Wheels, whole Diameters are 785 


and bigger, the Axis will ieee be turn d with more 1. | 
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Fig. 12. 
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more. on hs Aais K H if this laſt. Axis WY gone 3 as of Left IT. 
ten as the firſt Wheel A B (which would, have happen'd if the {v7 
Wheel FG had had no more Tecth than the Pinion C) but ae io.” 
ſince its Wheel has five. times. more Teeth. than the Pinion on! 5 350 
the Axis C I, it muſt go five, times ſlower than the ſaid Axis 5 
and conſequently the Weight W goes up five times ſlower than 
it would have done on the Axis CI; therefore it has forty times 
leſs Velocity than the Power P, eilig only. one Inch. Whilſt P 
deſcends. forty. . 9 
HEN ck it follows that the Ratio of the . to che Weight 
is compounded of the Ratio of the Diameter of the Axis of 
the Jab Wheel (where the Weight hangs). to the Diameter of 
the firſt Wheel (where the Power is applied) and the Ratio of 
the Number of Revolutions of the laſt Wheel, to the Number 
of Revolutions of the firſt Wheel in the fame. Time. As for 
example, here the firſt Ratio is of 1 to 8, and the laſt Ratio 
is of 1 to 5; therefore the Ratio of the Power to the Weight 
is as 1 to 40, vir. the Compoſition or Multiplication of thoſe 
two Ratios, becauſe 3 8 4. 1 . e. e r . | 
E Machine on * of ever 7 Weir Veel. 17.996 {-0j-h SRO, 
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of the lncliwd P I. 4 N . e ff 


48. __ the better underſtanding the Uſe af * rnclin'd Plane 
in b Mechanicks, ve muſt remember. what has been ſaid before | 
concerning the Velocity of a Weight *, vis. that whatever * Ann. 8. 
Line the Weight deſcribes in its Aſcent by the Aion of the Power, Lect. 2. 
we are to call its Velocity only that Line which ere its 
perpendicular Aſcent or Deſcent. 1 

Is it ſhould be requir'd to, lift up a very heavy Bo | 
or 0 , the Height CB, it would be impracticable to raiſe it up- Plate 10. 
in the Line C B without a Power whole Intenſity vis equal to Fig. 14. 
that of the Wei ht; and even in that Caſe very inconvenient 
to do it, eſpecially. in building. But if an inclin'd Plane A B, be 
laid railing from the horizontal Line A C, from whence the Weight 
is to be raiſed, à leſs Power than the Weight will ſerve tor 
that . Purpoſe, unleſs it puſhes the Body dire&ly aga inſt the Plane, 
(as in Ne, Direction WIT) or draws, the Body away from the © 
Plane (as from W. ANY e, t, or Ly or) i in Any: "Direionn that 
ſide of the Line E e* 1 Ann. It, 
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dan or puſb'd up the Plane (as in driving a Wheel-barrow) 
Plate 11. ig in the Line W w M, parallel to the Plane and paſſing thro' 


Fig. 14. 


the Center of the Weight; for whether the Power drives a 
Plane & K (in a Dire@ion perpendicular to it) along the Line 
WM, or the Power P (by its Deſcent to ) draws it in the 


* 


fame Line, the Velocity of the Power will be equal to the 


Line W w, the Space deſcrib'd by the Center of Gravity of 


the Weight, whilſt the faid Weight riſes only the perpendicular 
Height Z B ( W) or has the ſaid l expreſs its 
li 


Velocity. If the Body was a Cylinder, as a rolling Stone, and 


the Plane T? were to paſs thro* the Gudgeons or Axis of 


the ſaid Stone; it is evident that the Caſe, would be the ſame; 


and as the Weight P has its Rope running over the Roller (or 


upper Pulley) Xi, the Line P p will be the Velocity of the 
Power. Therefore in this Caſe the Min (if kept in Æquili. 
brio) will be to the Power as Ww (= T B)towY (=B Z) 


or as the Hypotenuſe A B is, to the Perpendicular B C, which 


(by Eucl. 4.6.) are in the fame Proportion; and conſequently if 


the Power be ever ſo little encreas d, it will draw the Weight 
uw me AMINE WET WT TW, 3 ITE 
N. B. In Practice the Power muſt! be pretty much encreas'd 


i the Body ir not ſmooth and ſpherical or cylindrick, andthe 


Plane very ſmooth. But as all ſorts of Bodies are to be drawn 
am, to reduce them at near as we can to 4 Sphere or Cylinder, we 
* muſhfaften Wheels to them, or (which is the ſame Thing) lay them 


ana li heel. Carriage. 


\ 


Jo. Tur the Power acts with the | greateſt Advantage, 


_ - whilſt it draws in the Line of Direction W (parallel to the 


Plane) is evident; becauſe if one End of the faid Line of Direc- 
tion remaining fix d at W, the other ſhould move towards B, or 


beyond it, then the Body would be partly drawn againſt the 
Plane, and therefore the Power muſt be encreaſed in Propor- 


8 
1 : £ 1 * 
* £ # 4 5. fs 


tion to the ee e of Traction: And if the End of 


the Line abovemention'd ſhould be carried to P, or beyond it, 
the Power mult be alſo ęncreaſed in as much as it endeavours 


* 


75 


1 1 
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r ee in Peopuſtion * the as! which 11 Lise of 2 Di-Lett mt. 
rection makes with the Plant, ill be he ten in the Notes b. « 


3 Ann. 12. 


Fr. Ir the Power draws in a Line of Direction WB - | 

44 to the Baſe of the Plane; then in order to keep the Weiglit Fig „ 

Win Aguilibrio by the Power II; the ſaid Power muſt be to 
the Weight; as Z B to Z T, of as the Perpendicular B C to the 
Baſe ACT of the Triangle A C B. For if we ſuppoſe the Pulley 

R ar ſo great a Diſtance from W, that the Line of Direction | 1 
WR may not EN alter its horizontal Poſition, whilſt the 
Body Wriſes the Height B Z, then will the Power II deſcend „ 

to Whilſt W rifes the Heig ht BZ, in ſuch manner that II 

(= W Y, and not W) will” be the Velocity of the Power. So 

K the Velocity of the Power to that of the Weight will not 
be as the Hype to the Perpendicular, as in the former Caſe, 

but as the Baſe to the Perpendicular in the Triangle A CB. 

Iz the Power be encreaſed juſt enough to overcome the Fric- 
tion of the Plane and draw up the Body W, let the A 1 
be liſted up gradually to r, ſo as to keep the Line WR paral. 
lel to irbelf till it comes to w r, and the Power will be deſcend. 
ed to 2 when the Weight is come to B. But T1 & together 5 
vith the Diſtance R, is equal to 11 a", or W 1. Ge. And this „„ 
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8 0 Tux Wedge . is a "Sj trianiillar Prin, 1 tie © 
polite and parallel Planes ate rectangular Triangles, ſuch as t | 
Section A B C, the reſt! being re&angular Parallelograms; the» Plate 10. 
Edge or entring Part of the Wedge is made by the meeting of Fis. 14- 
two Planes in whoſe Section is the Point A, and the Back of it is 
the Plane oppoſite to the Edge, on which the Hammer or Mal- 
let ſtrikes to drive the We forwards. T he Repreſentation, 7 
0.4 it is ſeen in the Figure ABC DE. 1 
I upon the 2 Line 5 C* 1 towards s 7, b ; 


7 0 OL 
* wy 


the whole "Lange N. ies Bake AC, 2 AY ighe W. 192 Ed ho 
eig t 


\ 


the. Thickneſs of the Wedge: Therefore the 


„ r Wor .. SS © an * 


Y the Velocity of the Power, which are ſtill in the Ratio 
t e nene 


Zontal Board, raiſe the Pulley C of the Arm D C, ſo that a 
Line going over the ſaid Pully in the Direction C M, may be 
parallel to the Plane A B. Then take a little wooden Cylinder 
M, the Ends of whoſe Axis or Pivots go thro? a braſs Frame, 
8 a4ẽãꝗzs at Q, fo that it may be drawn eaſily by a String fix'd at M; 
aan i lay on the faid Cylinder upon the inclin'd Plane, having 
N faſten'd to M a String which goes over the Pulley 4 and 18 
joyn'd to the Ball P, Which being made uſe of as a: Power will 
ſuſtain the Cylindrick Weight M, when P is to Mas A C the 
JIleight of the Plane, to A B its Length. Alittle more Weight 
414 44414 aged to P makes it draw up the Cylin leert. 
Bor if the Arm E C be lower'd, fo as to come into the Poſition 
6, p mult be to M (in order to keep it in Æquilibrio) as A C 
the Height of the Plane, to CB its Baſe. N. B. Herd it is to 
be obferv'd that tho* the Addition of a little Weight to p will 
male it begin to araw the Cylinder M up the Plaue; that the 
 Cylireger will not be drawn quite up by the Deſcent F p, be- 


cauſe 


| 4 Ang lars nk Lite jeof bn of the e Power watts LU, . 
with the Plans will be encreaſtd” at Nw Cylinder riſes auß; but i 
if the Pulley & be gradually lifted up ig K, whilſt the Cylinder 1 
it. drawn up to m, the Power, which then will be at , will 
have the ſame Egec. vn the M, eight. at m, as it had before at M, 
Gr. and the Weight (When kept in Mquilibrio in the Line OE 
3 MG or m KY will Male o he Power: as * n ark nm, 
or B Cr C'\ A SBA OH 46% I{ SALE Aa. 
Tus Machine Aber erde ſhews the Effed of the Nen 
er, WARE Ange, Line of Direction makes Wirk the Toy _- | 
a dF LY WB t 5 1 8 
55. TRE Wedg e iche we ave. hitherto: confers. is a. 
Wedge acting in * moſt ſimple manner, only with one of its 4 2 
Surfaces; fon. when it ſlides upon the Plane CA to lift the * Pl. ro. 
Weight W, it does only act wich its Surface A B, the Aalen Fig. 14. 
AC only applying it {elf to the Line A p, > HE removing 
from its Place. Thus if a Moulding: Was to be ſeparated. Hb 
a Wainſcet as Mm from Wee by Means of the Wedge. plate 12. 
A CB, it is plain that 4 A the Velocity: of the Wedge Fig. 3. 
(ſo far as it is driven ip, when from the Poſition's he it comes 
into the Poſition A B C -wou'd be to an the Velocity of the 
Moulding as A C to B C. Therefore, Sc. 89 it would be if 
a Pillar ſtanding upon g Floor x was to be raiſed 955 Meier 
mnogingy the TROUT. | 0 ES: 2 35 2859 17 $0] 20 eas J It. 2 iT R, + ih 
| <1 17 16:79 2; 280115 7&0 „„ i 5 
56. Bur in as Cris Way 0 aeg 40 wane, b. 50h 
des f lt act, as in cleaving Wood: Then the roportion.of 
the Power and Weight are different rom the former ;/ for then 
the Power will be to the Weight as half the Wedge's Thiek-: 
neſs to its Length. But then, we may eaſily reduce this to 
what has been ſa id before; becauſe here: dye -make-uſe of a dou- 
ble Wedge. For let juppoſe Ca an immaveable Plane, Plate 1. 
and on each Side ofit a Wedge, as BCA ande CA, made Fig . 
uſe of to remove a Weight as g or 4 from the faid Plane; the 
Power puſhing the Wedge will be tothe Weight but as C (Ac 
=P c or 4 DAD = C) to the Length of the double. 


Wedge C B Al, Which is nous got to Ae d. Some, Mechanicab 
Writers have miſtaken this) Caſe by adding together che ſingle, 
Velocities of c and d, vu. CS A4 D, and cs ling that Sum the: 
Velocity of the Weight, Which 1 compar'd; with A 4 the. 
conſider * 11 ms; 5 — 


Velocity of the Power; but we mu 


1 Wood to be cloven) were laid upon one another on either 
Side, as for example at 4, their: Velocity would only. be D, and 
they would be remov'd as eaſily then by one Wedge as 30 A, 
from 4 to D, as by the two Wedges in the former Caſe. Fus 
tho" in confidering the Momentum of Bodies, the Sum of the 


the Whole; we are not to take the Sum of the Velocity of the 
Paris four tht Velocity 
Center of Gravity of the Body, when we conſider. how: far it ir 


 remov'd out of its Place. If a Leaver or Balance was made 


Fj 5. 5. _ the Parts of the: Fork as CB or CD, ava the Center of My. 

rium fix'd at C; it is evident that one Pound at A will keep in 
_- Mquilibrio #4 fy Pounds at the forked End, tho? the Pounds 
were to hang ſimgle, a two: Pound Weight being always equi. 
walent to two | ſagie Pour; but if the Sum 75 tbe Velocities 
Of B and D were to be taken; there yy then be two Pound. 


ing no more elocity to the: Weight: at A, than' the Radins 
CB CD, ef half its Gd e err at: "or fog 


%%% 50.01 297 1000 s ond Eb. 1150 "Li; 

57. In both Caſes of the Wedge, i it is not 8 neceſſary to to apph 
a Force ſomething greater than either in Proportion of the half 
Thickneſs or of the whole Thickneſs:of-the Wedge to its Length, 
tat the Power may overcome tlle Weight; but: becauſe the — 
N aces even of 875 poliſh'd Wedge are very rough (in Compa 


and the Bodies to be ſeparated likewiſe very far from having 
their Surfaces truly plane; we muſt make uſe oſ an additional 


This Friction or Stiokags, 
15 e conſiderable in the Wedge, Experience ſhewing 
laden with a vaſt Weight, has hardly any Effet. e 
1 in cleaving Wood; becauſe! not oaly the {ogra 
 Wedpe, as was faid- before, but the Parts of the Wood to be 
cloven are always rough; and fo cloſe, that their Friction very 
much hinders the Motion; which 'Obſtacle we. endeavour to re- 
move by Percuffion, which here is of wonderful Uſe; for Expe- 
Ane eus, chat a — * the * of a Wedge, makes it 


enter 


dies to „de eon Gch wick beer as -2hk\/Barks/of the 


Momenta F all The Parts ig tb be taken for the Momentum of 
of bh whole; but only the Velocity of the 


pute 11. ike 4 Fort *, and the Part C A wu, juſt double of either of 


. at R to ſuſtain the Weights al B and D, the Radins C A giv. 


When: 4s für d, eee ee ee eee es n . 


riſon to the Mathematical Smoothneſs which we have fuppo2d) 


86 25 Force to overcome the Stickage ariſing from that Roughneſs. 
- which is not great in orher Ee 135 
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gy wle. p- ile be N, FQuor $095) ig the 
| fame Plane, leſt; the String that goes over the one ſhould fall Pf 

upon the String which goes over the other. EF, GH are two" 
Cylinders with Steel Aues, which arebrought together (their Axes | 
rolling on the Vertical Pieces) by the Deſcent of the Weights: | 
RS, each of which is divided into two Parts, by means of its Pulleß 
T or V, ſo as to draw the Cylinder W 0 towards one another, 
by the Strings and Braſs Loops T NH, and t Y , and two ſuch: 
other Loops at the other Bad'of the Axis of the Cylinders. That 
the Cylinders may come cloſe; together, without touching the 


Pulleys N, O, P, Q the Plates as thejr Baſis (which. are à pretty/ "Rt 0.3 
W al larger than the Cylinders) are made om towards: the 


Ends of, the Axis, The two Plates Z M, Z M. .jul LON . 
to apply themſelves to the Cylinders, without N again the 
Plates at their Ends, are join d at M in the Manner of an Hip „ 
| tas to make a Wedge, and be .open'd to an Angle menſt ed od 0 
the graduated, Arc I KI, which paſſing theo! the PI ate, holds: 
them faſt, by . of the two little Screws 25 Z. X 5 one ef 


two beaded, Wires, whoſe Ends being uud CC 
keep te Cylinder EF from coming out of ixs Place, and on,: 


| allow it to turn upon its Axis, when the Loop. E (andits oppo- 

1 e E) is carried e (aad-the contrary Way) to 
tie Axis of the other Cylinder st , when only this laſt -Cylin-- 

ger H G is to be puſh? a 2 ns of the Wedge, Which 


by 1 its OWN ben „ QF, the of the Weight W,. ſeparates 
one. Cylinder from "Ts. orher, which is fix'd (when the EY d: 
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355 N Adi being in the Poelition e in To; Fi. 
*Plate 11. gure *, open the Wedge to any Angle at Pleaſure; as for Ex. 
Fig. 6. ample, to an Angle of 20 Degrees, and hang on ſuch a Weight W, 
as may, together with the Weight of the Wedge, draw down the 
Wedge, and, by ſeparating the Cylinders, raiſe the Weights R ands, 

Open the Wedge to an Angle of 40 Degrees, and twice the Weight 

will be required to bring down the Wedge ; but if you flip on 

the Wires, ſuch as X, to fix the Cylinder E F, and hang the four | 

Loops and Strings upon the Cylinder HG, the Wedge acting only 

«with one Surface to remove the Cylinder H G, will require twice 

the Weight to bring it down, that it would if it acked with both 
Surfaces; that is, being. open'd to an Angle of 20 Degrees, as much 

Force' will be requir'd to bring it down, Wen only one C ylinder is 
moveable (tho* the other can freely turn about its Axis) as if it 

Was open d to an Angle of 49 Dee _ and; both 0 
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moveable. id} 1> TazvhCl al yg fexnart [£2115 V fills 
E arr fc: 4 A 54561 tot; FSi a” * 4 "at 4 3 
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685 A Brew 3 is 1 Cylinder eure into OG concave "Surfaces 
or rather à Chanel or Groove made in à Cylinder, by Carrying 
a on two ſpiral Planes the whole Length of e: Screw, in ſuch 
manner that they may be always equally inclin'd to 'the Axis 
. of the Cylinder in Hole ' whole Progrets, and alſo' always: inclin d 
to the Baſe of it in the ſame Ange. 
Tux Screw may be alſo conſider d a5 a Wedge carried Foral 
2 Cylinder, neh in that Caſe is calbd the Arbor of the Screw, 
the Wedge ſe carried on making What, is call'd the Thread 
of the Screw, as may be ſeen in tlie th, 8th, 9th, 1oth and 11th 
Plate 11. Figufes &: 1 he Arbor of the Serew- being AB in Fig. 7, and 
1 15, % 6d in Fig. 8. as it the Cylinder AC B D Was” Inſcrib' 
ö Within the Screw. * 914 1101 15 l 2 1 10 {41 2 Ty 77 | 
Is the 8th: Bigure' we {may ee tlie manner ho ar erer i 
if made, if it be cut out of the, Cylinder P H 17 then HKL 
MN O P is a ſpiral Line going about the Cylinder,” marking — 
; 1 5 Daren to be. leſt of oe aid O aue and Wk F; my To the 
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ther, and E F G Part of the Wedge left to 


portion between the Power Rs turns the Gere aud the 
Weight W. i i Wt 12 . 1051. 2 3 | „ 13 lbs F 'P 


50 1 a. 1 10 1011 l we 


Line in ho Depth to | wi A e is to. — cut Let. 1. 


(ſuppoſing the ſame Line to go round the inner Cylinder or 


: i Yi MF us + * 
Arbor AB C D, tho' not expreſs d here to avoid Qonfuſion) lee rr. | 


and then 5 LI, 7 Nu, Gc. will repreſent the prominent Part Fig. 8. 


or Thread of the Screw. Now, if inſtead of cutting the Hol- 
lowSs HY L, LIN, NAP, Sc. into the Cylinder PHIQ a 
continued Wedge be fx'd to a ſmaller Cylinder as A CB D, 


or rather ac bd, the ſame kind of Screw will be made, 5 


4 % d will be the Arbor of that Screw. Sometimes the moſt 
1 Part of the Thread, as L, N, Sc. is not ſharp but | 


t, and then the Thread is call'd a quare Thtead, as in Hg. 11. 
which repreſents. the Section of ſuch 4 Screw. This ſort! of 


0 1 is not us'd in Wood, but in Iron and other Metals it 
ood Service; being commonly more durable, and raiſing | 

che Vene with more eaſe than the ſharp T hread, as will be 
more EO ſheun in the W t 


ol 
15 B 218 ti 15 Ale Mone = 
55 n 2 8 T7 1 2 4 48 N 


11 1 2 D 1 1947 25 N 2 2d, 
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Wer: 0 om 6 an Eftirane6f libe Force of the york! (bibt m may 


be compar'd either to an inclin'd' Plane (as we have conſider 
it among the mechanical Powers) or to a Wedge, 1 


its Arbor, does or does not advance in a progreſſive Motion 


whilſt it turns round its Axis to raiſe or ſtop a Weight or 
to preſs. Bodies together, Which are the ſeveral Uſes of a Screw) 


let us take a flexible Wedge, as for E xample one of Paper, and 


0 7 . 
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coil it round a Cylinder & as is repreſented in the Figure, Where: «Plate 1 1. 


AB is the Arbor, C D one Thread or Helix, tak H- E. ano- . Fig N 


the Pro- 


63. Is 788 Weigbt is ; puſh'd up the Wedge re 75 which is 


the ſame, rais d perpendicularly by the Wedge Al lipp ee it) 9H 
G bs the Ve- 
locity of the Weight, and G E the Velocity of the Power, which 
is « Caſe of the inclin'd Plane becoming 5 e; Ga this.. 
will hard e 0 i ! ov t 
| | | . joy. N 15 3. . he S * b 5 
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from F to H in the Direction WW, then . 


us acting. HOT 
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| 1 15 Cirele e Diameter is Hb gmetad) nile 
* 1 o H I the Diſtance of two Threads: ber bs the Baſs 
Bis 1. FF G: to the e Y \ 44 4 nen? bn 
80 is the Weiglit :: *. 0 50 o bagmd 1 10 
| 2 {2 1 To! the Power plied to the Arbot at Alto Falſe 4 
8 A * Wait up the hread H D I C. 28 K W baunoes 
3 8 501 dne 
f N. B. We ſupp oft the. Diameter f the Arbor at ny 25 "of ; 
Wb the Screw een, . 5, 3161, 305 
Platerz. _; Tul is the Caſe of the 10th Fig. hone the: moveable Plank 
Fig. 19- DK is cartied down by turni Por the Heads G, G, of 
the Screws A B and C D, in order to preſs: tron l 95 " 
dies placed between the Planks D K and 11 L, whilſt the Piece 
i I fix'd:; on * 1596 per Plank is either guided chro” an Hole, 
or being only look d at, ſerves to ſhbeWũ ‚mhether che Plank 
K D be brought 4 hor izontally as the Screws, are turn d. 
When long Leavers are thruſt into, the quare Holes at the 
Heads of the Screws, the Force of the Screw is much en- 
reaſed, and chen the "Weight: will be to tit Power' 77 as the 
1 of the Circle ideferib'd by that Part of the Lea 
ver to which che Hand is applied: to the Diſtance. between 
— two Threads. 80 in Hg. 18. a8 the: Circumference of the Cir. 
iS. 13. cle Whoſe Radius is A H to C the Diſtance of two Threads 
of the endleſs Screw CD:: ſo is the er rb Thcth 
of (omg Wheel L. to che Power, applied at H- 6 ie 2 


1 15 


* 3 of 1 *3 16 | 8 2 13 þ 308 11 ” + i *25 # 
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7 . 64 0 T if the Weight: . * be-driven 3 1 al Wedge 
8 W ce parallel tothe Surface of th 


Fig. 7. HF in the Direction 
8 Wedge, then will this Caſe be the ſame as that of the inclind 
EN * 49- Plane , and therefore the Analogy for * Screw in tke ProgreF 
XX fion of it will be, ; | 1 
1 eee Nl 7 7 18 W aflo v1. £0 


7 Wed yl... 
* plate TH: Wt the. = Ling 1 0 BD: N bee tes intl 5 
Fg. 3 1 . e H ; 


the Diſtance of two Threads: OY as the Hy- 
potenuſe F H: to the N H 00 10 
fy wit, : | is ; the Weight: 1105 367 #314) 4 D 44101 9114 "1 „ 
4 To the Power apply'd, to.the Ark A1 is 20 Spin " 
„ 1705  reftion ow to H. 1 10. 
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* N ee 
Tus in Fi ure 1 hy practice of chis, whether 1 A] 11 þ 
Female crew gu E be brought down on the Male Screw 19. Lv 
90 the Plank'B, or the Plank B and its Screw, be brouy 1 re: 
u by toward D E by. ſcrewing its Screw "up, higher into the Bo & 
or Nut DE. T herefore when” Handles as D And E ge usd to 
neren the Force, The Wei: it Will! be to tlie ower vas the 
ſpiral Circumference deſcrib'd In ole Revolutio jon by their Ends 
: PEA rp the Pow 7M 18 apply'd : to the P HO nee. tween ty Wo 


reads of che ere. Fi lic: 
Tuts Caſe 5 ap pjlebloa Pra ied the 4 a * 
of Gimblets to facilitate the boring of 147 fx. o the k 1 Wing 


down the Nuts in large cold Eee "pt 

of, Sctew-pins for holdin op together t 
Tat * reateſt Part of Mechanical” e Mp 0 ; 

Notice ls | N ee of the Force 'of” the 


_ * 2881465 7 & | * "rf 5 


the 2 70 into * ; e does ith "io 72 8 the | 
duct of the Weigh 


into its N the Power muſt raiſe 0 - 
"Weight ; yer here che Powe © Velodiy, 7. miſe 955 00 7 
encreaſed. to produce this Ne 1 [ Pratt dice k Reaſen T 
gteat Friction in the Screw, Weich 955 th e. 
taken Notice of in the Weig 23 Wwe are to e "he 
there is more” Friction in 555 ſhots ye the * (quare” "Thread, OE 
which may appear by a Sight of the: I 4th * '7Tgure*,,. wheres pl. 11. 
BACD bots the Section of a * Thread, and 57 dig: 14. 
the Section ↄf a ſharp Thread. As the Fart A C does not touch 
the Female Screw, which only bears wit h. its Force ay Weight 
upon the Flat A B, the Line A B in the ſquare T read com- 
| e arg with 4 6 in the ſharp Thread (on which Part the Female 
rew bears) will ſhew . Friction to be leſs c the ſquare | 

Thread in Proportion to thoſe T4, 12 LS. Tan o be 
and elſewhere „ | "Se - MIT Ann. 15 


. m 4 
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had ang it; 1 tERers in 185 Bala 110 a D's tht | 
mechanical Powers the SEE ceaſes to be fat and = 8 
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vity TT the e Week Karri ny Oo if there 0 the leaſt 
Friction againſt the Thread of the Screw: So likewiſe, when A 
Body is preſs d by a Screw, its Surface re- acts in Lines perpen- 
dicular to it, that is in the Direction of the Arbor of the Screw, 
Whereas the Screw cannot be driven back unleſs it be moy'd 

: in the Direction of its Thread, which makes a great Angle with 

* Plate 11. the Axis of the Arbor. Thus the * Plank Kk Fig. 10. cannot 
Fig. 10. fall down in the Direction of its Gravity towards M L, un- 
less it could cauſe the Screws to move in the Direction Bb 


„Plate 11. or Dd. Neither can the Teeth of the Wheel I * Fig. 13, 
Fig-13- preſſing againſt the Screw Ce D in the Direction B move 


the Screw, or cauſe the Handle H to. move in the Direction of 
the Circle Whoſe Radius is A H, tho' the Power which. went 
round in that Circle be remoy'd, and the great Weight W 9058 
very ſtrongly endeavour by the Axis E F ta turn the Y Wheel I. 

Hexcz appears the great Uſe of the Machine of Fig. 10. 


Which by Means. of the ſtrong Piece I may ſupport the Side 


of an Houſe, and ſeveral of them applied in * Parts can 
1 5 4. a Building whillt | . e is e or 
e Ten FW. 2 4 „ 2 by wh" Þ 2 4 1 


* 
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W . the Screw be DFE as, 4 1 or an 
incl Plane, it follows from what has been ſaid, that ol 
_ cloſer; the. Thread of the Screw is, the greater is its Force, 
and the more advantageous the Friction; the Power bringin "uk 
forward the Screw with, moſt eaſe, and the SRO þ to. oy 
back "the Screw becoming | the greater. 1 
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68. As Percuſſion is uſeful. in the Wedge to leſſen. Hidin 
fo in ſome Caſes there is a kind of Percuſſion uſed to drive on 
à Screw, as in Printing, Coming and Sealing Inſtruments, with 
Jarge Seals where a great Preſſure. is re- uir d; and that is done 

a. Fly, which is a Balance going thro? the Arbor of the 
Stew and loaded with. Weights, at its Ends, or ſometimes only 
e Brathinm of it, ih: * ae 3 
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70. Tux Combination of two or more of the ſimple Ma- 
chines, for the Uſes of Life (whether they be of the ſame or 


different Kinds) by means of a Frame or Wood or any Me. 


| tal, makes what we call a compound Engine. As it would be 


endleſs. to recount the ſeveral Sorts. that are made uſe.of we 
hall only give an Account of ſome few, whereby. es may 
judge of what may be performed by any Engine which he 
been made, or may be hereafter- put in Aae upon ſight 
of an exact Draught of the intended compound Machine; 5 
de may have a juſt Value for what is or may be uſeful, and 
not be deceived by Pretenders to Perpetual Motions, and thoſe 


vho promiſe greater Effects by Machinery than is conformable 


to 
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Lett. 1.to the reciprogal, F en the  Intenſres of FF . 


Andy. ers ang, eln of their Velocities . in . 

plate 6. 715 17 8 TIT 8 e in Ti 1 paths 2 107 7 Platts ? 
Fig. 1, 2. 3 Wi the Scorpions Which the Ancients uſed in War for 
. . throwing Stones, as I have deſcrib'd them Already * I only 

Ano. 7- take Notice here, that they are compounded of a orie Les 

| Fer, two Axes in Peritrochio, and two Pullics, which laſt in ! 

Fig. 1. only direct the Rope as they are Rollers, bi e q 

A < 

, | 
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the Force of the Power in : $2 2 ng i an 
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Pute j. 3 Fa Water Engine of Plate 7; 7. 8 14 and. 15 Goll 
Fig. 14, 15. of two Leavers E 2 ſt 5 3s and CLE is def ib'd Where 4 
15 RS 
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2 re ned are made up. 77 N28 Te” Pullies or 
Sheevers ( Wheels moving round à Center pin) like, that of Cu uh 4 
TE as the pc . runs over or . Them 2, 1 000 
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E Plate 10. 7.40 Bur 1 c Eg. 7 9 5 "is, 1 . 1. 
Fig. 9. 1 in it the Pullies act = 255 other and encreaſe the 
Force of the Power in a, greater Proportion than 2 5 
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76. Tur inch Eg. ep 
two Axes in Peritrochio, N e bas been 12 ib'd * 
26d wenn caleulated Tr: 1 | 1 A Be a4 OY rr 4 | 
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| Leavers applied to them. N. B. It ir to be bier that hen 
Leaver or Leavers carry an Avis round, in which Caſe they 
are cald4 Hand-ſpikes or Bars, hey perform the Office f 
| Wheel turning an Axis, and may therefore together with The. | 
Axis they turn be conſider d as an Axis in Peritrochio. 
Anis is more (evident 1 in obſerving the Motion of the Han 


5 - 8 5 1 6 * & * : 1 
IPs . * 1 12 13 


n phe" 4 e which r 14 to the [ied * 
the Power; by reaſon of its Shortneſs, raiſes the Weight but to 
2 (mall Height; and the Axis in Peritrocbio (for the Reaſons - 


to a very great Height, or from a great Depth, does not much 
encreaſe the Force of the Power ; the Combination of theſe'two 
Machines preſerves the Advantages of each of them, and takes 
off their Defedts: And this is done by cauſing the Threads of the 
Screw C D to take hold of the oblique orskew Teeth of the Wheel 
wn, and by continually turning the Wheel round to draw up 
a great Weight as W by means of the Rope which is wound 
on the Axis E F. If on the Axis E F another Screw: he added, . 
s at G H, to turn a ſecond Wheel L, 'whoſe Axis M being of . 
ſufficient Length receives the Rope N 'inftead of the Axis 'K O, | 
a much greater Weight may be raiſed; or an Engine of vaſt 
Force may be made tor boring hard Metals by means of cutting 
Inſtruments fix'd on the End of the Axis 1 57 or e eee 0* + 
herations where rer Strengrh 1 i "oquir's: 5 | 


* 
"+3 8 = * oe . 80 
3 Fu. 7 ad 3 7 
S . oF %s 1 « Þ 4 


79. A Crane is an Toffoqratnt of ſuch 8 vi that Uh | 
cannot avoid giving its Deſcription here. It is of two Kinds: 
in the firſt, only the Gibbet moves upon its Axis, and in the 
ſecond Kind call'd the Nat-tail'd Crane, the whole Cc rae, with 5 
its Load, urls e © ORE Axis. e ys 5 

2 X þ7 4 to. Tir ae 


wo Yo SY & Wh © 


epr "OW an As Pen burt in, vi 


77.1 Tue 16th uncl 168 Fe of Plate! 11 18 ate e e Sus: TH 5 
Engines, becauſe ſuch great Screws cannot be turn'd without Fig. 10 


de A H of 13 Mo. v: made * of to 2 round the Screw. wk Plate 11. 
I Axis AB. . | TN! = as oe. 5 


| given in the Heſoription of it *) thoꝰ it may raiſe the Weight * 46. 


; III. 80. Tat firſt ſort of Crane is repreſented by the iſt F. 1 of 


Plate 12. ſeen in Profil. L B E D is a Section of that Part of a 
OY Wharfe on which it is fix'd, LB being the horizontal: Line, 
8.1% AC is a ſtrong horizontal Piece of Timber making the upper 

Part of the Crane, into which are fram'd the three upright 
Pieces X, I, Z, (of which, the laſt call'd:the main Piece, is ſtron - 
ger than the others) with its Cill I E, and its Braces H I and 

E longer and ſtronger than the Braces and. Cills M N and DS 

of the other two upright Pieces, and pinn'd with Iron where the 
others are only pinn'd with Wood. When the Wharfe is not of 
Stone- work where the Crane is fix'd (as is here repreſented) 

the three Cills muſt be all in one Piece reaching from D to E. 
Four Braces, ſuch as K, join the upright to the horizontal Pieces. 
I To the abovemention'd horizontal Piece is faſten d with ſtrong 
Iron Pins, a ſhort Piece p 7 having a Bell- metal Collar to re- 
ceive the Iron Pevet or Axis of the upright Shaft R F-which is 

an Axis in Peritrochio, whoſe lower End of the Axis is alſo of 
Iron, turning in another Bell- metal Collar let into the firm Piece 

of Wood F. The Axis ia Peritrochio, inſtead of a Wheel, has 

four Bars e, f, d, and another behind 4, going thro' its thicker 
Part, which is eight ſquare, the upper Part being round to re- 
ceive the Rope. When this Piece is hoop'd with Iron above and 
below 4, it is beſt to uſe but two Bars inſtead, of four, . puſh- 
ing them quite thro' as e &, and Men at each end of them go 
round in the Direction 4 e to wind up the Rope and raile 

the Weight at the End of it. This upright wooden Axle, with 

its Bars, is call'd the Capſtane of the Crane (every ſuch Axle 
being call'd-a Capſtane when it turns in a perpendicular; Situation, 

like that of the Capſtanes in Ships, and a Windleſs When it runs 

in an horizontal Poſition, tho” it ſhould be for the ſame Purpo- 

ſes as the other) and the Rope Rr, which goes firſt over the 
Pulley or Roller T, then between the Pulleys P and; Q; and laſt 

ly over the Pulley r has at its Ends a double Iron-hook, call d a 
Ram's-head, to which the Goods to be cran'd up are faſten'd. 
The Gibbet G VB is moveable upon its Axis C B, by means 

bol the Iron Center-pins or Pevets at its Ends B and C, ſo that 
when the Weight is rais'd up ſufficiently, high, by a ſwall Rope 
faſten'd to it, or to the End of the Gibbet at g, it may be call- 

ly brought from over the Ship or Barge, ſuppoſed, on the Wa- 
ter at W, to à Cart, or any other Carriage on the Wharte 55 
„ - | : wards 


cy 8 *. 


8 


Wards 1 On the 
or ſmall wooden Shed A 2 Q to ſhelter the Rope from Rain, 
when the Crane 1 is not in use, the Gibbet being brought under it - 
towards Won; te 


TE ſecond Figure * ſhows the Plane of the upper Pure « of thus 2 Plats 16: 
Crane, or as it would be ſeen from above, where we are to ob- Fis "ES 
ſerve the Poſition of the Pulleys P and and of the Place of 3s 


the Center of the Gibbet which muſt be at C, ina Line touch- 
ing the Circumference of both the Pulleys; for if the ſaid Cen- 
ter of Motion of the Gibbet were in a Line with the Center 
of the Pulleys, the Gibbet when loaded would require a Force 
to bring its End g over the Wharte on either Side, and that Force 

ceaſing to act, the Weight and Gibbet would run back and reſt 


over W. See this more particularly explain'd in the Notes, 


vhere the 3d Figure, being Part of the Crane and various Situ- Ann. 15. 


ations of the Gibbet: and * drawn by a gs Scale, is conſi- 
.der'd F. 1 12525 . 42 2 2 2 1 inn +! (37 72 Fa 21 a. 
THis. "Crane is very e Wand many Hands, . being 


Weaght frame running down again, which might be of dange- 
onſequence. But Wii of the Capſtane at O, there 


monly call'd a Worm and W 


ceive the Rope; then two Men, nay ſometimes one Man, may 


eaſily! draw up Goods from a Barge; becauſe by the — — 200 


ol the Screw) againſt the Teeth of the Wheel the Machine will 
bold the Weight at any Height, whilſt the Man quits the Han- 


dle to bring the Weight by the Guide · rope faſten d at g over a» plate 12. 
eight will go Fig. 47! © 


. 


Cart on the Wharfe to receive it; and yet the Y 
down gently of it ſelf, if a Man with a ſudden Jerk ſets the Han- 
dles a going the contrary way to that whereby he rais'd the 
Weight which is convenient for loading the Cart. N. B. Thi: 
ſudden Impulſe on the Handles does to the Screw what'a Blow 
does to the Wedge to ſet it à goi 

with a Worm and Wheel does. very much encreaſe the Force 
of the Power, I ne 


Time muſt be ſpent in railing th 


Weight; becauſe the Velo- 
Hs 15 hb: . compe 


rd with that of the Man' s Hand who 
R turns 


was an Iron endlefs 8 Screw, and horizontal Wheel and Axle (com 
heel) fix d to the Piece X made 11 8 
very ſtrong for that Purpoſe, or a Machine in the manner f 
Hig. 13. of Plate 11. only with a Pinion: inſtead of a Screw at ; Pl. xx, 
6 H, making the Axis E F ſhort and the Axis M long to re. Fig. 13. 


d not put the Reader in mind that more 


right of left of che Phove 1h Tliete ads a Roof 150. III. 


2 
: 
5 ö a 
9 8 { 
Fog 


* Plate 12. : 
Fig. 3. 


Auen requiſite that ſome ſhould ſtand at the Bars to keep tlie 


g *. As this laſt ſort of Crane . No. 14 


1 R 18 
23 5 8 
l 
: — +. | 
a Sr.. 
x | BE I. i 8 N 


Led. III Suche hy tie x muſt be diminicd'd e Proportion 
of the Intenſity of the Weight to the Intenſny of the Mans 
1. 2 9. Force. This * true in all TIE as'well as _ 
wp Fir Engines. 5 is in ie ve" On, 
1 "IF 4 73 ne e eie eee 
* Plate 12. 80.4 T HE "Gareth Figure? 3 che Rat”, b Cram, not 
Fig. 4. only; uſeful on a Wharſe to crane up heavy Goods, but al- 
ſo of great Service in Building to raiſe great Stones and bring 
round ito any defign'd Place. it conſiſts of the fol- 
lowing Parts. On the Croſs- ground Cine LLLELL is fup- 
4 and find by Oblique Braces the ſtrong upright Piece K 
E the Gudgeon of the Crane, on whoſe upper Part or Spin- 


the whole Machine turns, being rafily movid from C to G, 
When it is charg d with i its Load H. CA is the Lease 
with its Axis D B bearing only on ni Iron Buds of the faid 
Axis in two hanging perpendicular Pieces at B and &; FF is the 

Brace and Ladder, whoſe Top F carries the Pulley Above the 
Weight, the ocher Pulleys being in the Ends of che Pieces M, N, E; 
che remaining; Parts are too — in the Figure to need 1 farther 
Euplanation. The Power is [ſometimes applied by means of 
Rope on the outer  Circumference: of the Wheel A, but moſt 
commanly Men, or an Horſe; or an Ais, turn the Wheel round 


by walking in it. Sometimes alſo Strength is gain d by having 


the Counter - Wheel made with 2 ad om Motion to its 


* Bt mne ene e Means of W Vinton: © an TY % © A 1 4 * 0 

\Fh h ASM GWE 6019 
* Plate 12. YN Tun Ith Figure * ceproſrnts A Sho) which: is an 1 fell 
Tig. 5; ment of common Uſe; for raiſing heavy Timber or very great 
Weights of any kind; but as the Wheel-work of it is ſhut up 
An tze ſtreng Piece of Timber CB, I thought it not impro- 
* Plate 12; per to repreſent the Inſide of it in Fig. 6. K where you muſt only 
*. s. ſuppoſe the Rack A B at leaſt four rimes as long in Proportion 


to the Wheel Q (the Figure of the Rack being — oontracted 


for want of Room) and the Teeth, which will then be four 
| Number, to be comain'd about three in an Inch. 
„ Then if the Handle be even Inches long, five Turns of it, that 


ky: is five times 22 Inches, or 110 Inches will be the Velocity of the 


Power, whilſt the Weight rais'd by the Claw A, or deprefs'd 
by the Claw B moves one Inch; for as the Pinion his but four 
m and the Wheel Qerweney Teeth, . muſt be five Re- 


volutions 


dle 8 cover'd — Iron (and ſometimes: made wholly of Iron) 


3 af * Handle fd to. is. to turn that aid W heel onceeRy u. | 
round, whoſe Fig hoe Pioion R will in that Revolution juſt x. 
move the Rack three Teeth, or one Inch. This might have 7 
been allo, known. wirhout ſeeing, or even knowing the Num- 25 
hers of the Teeth of the Wheel and Pinions, by meaſuring a Re- | 
volution of the Handle in Fig. 5. and comparing the Space gone 
| thro? by it with the Space gone thro' by the End A er B. So 
in any, ather gompound Engine, we may judge of its Force by 
comparing the Velocity of the Part to which the Power, is ap- 
lied with the Velocity that moves the Weight, as has been 7 . = 
— — ſhewn..*, Sometimes this Machine is open behind from“ 32, . 2 
the Bottom almoſt up to the Wheel Q, to let the lower Claw. = 
(Which in that Caſe is turn'd up as at B) draw vp any — ——Þ 
When the Weight is drawn or puſh'd ſufficiently high, it is kept 5 
from going back by. hanging the End of the Hool S fin'd. to g Plate 12. 
Staple; over the curv'd Part of the Handle at +. wr the Work ig. 5. 
mult be made very ſtrong in this Machine, but chiefly thoſe 
Parts which immediately ſuſtain the Weight; and this: mow! _ 
chte 5 all other compound Engines. - EY 


83. Aus: the Mechanical Powers are united togerher in 7 
Machine repreſented hy the firſt Figure of Plate 13, yehich Plate 13. 
reſembles our common Chimney Jacks for roaſting: Meat. In is . 

Frame: AB CD faſtend by 1 Nut o upon the Stand o O, and 

held together by the Pillars V W-and Ba, 4, is adapted firſt the 

Piece E F, whoſe Fans or Flies may be put in Motion by the 
Wind, or drawn by an Hair faſten'd at F, which repreſents the 

Leaver and Balance: At right Angles to this Piece is joyn'd the 
perpendicular Spindle G H having upon it the endleſs Screw H, — 
which may be alſo conſider'd as a Wedge: This endleſs Screw * 55. 
or Worm takes the skew Teeth of the "Wheel K, which is the 
Axis in Peritrochio, and, in turning round, winds up the String 
LM upon its Axis, which paſſing round the Pulleys at M and 
N (or drawing by a Tactie of Eve). raiſes the Weight P. But as 
the Screw has no progreſſive Motion on its Axis, it cannot here 
be ſaid to take in the inclin'd Plane; therefore to make this 
Engine take in all the mechanical Organs or Powers abovemen- 
tion'd, we may add the inelin'd Plane QR by: making it 
reſt on the Ground at QR, and on the Pillar Bat 2, and 
thereby the Force of the Power 3 at F will be nr 
W in ine Ratio of QT —_ S*, The whole Foree _— 49. 

0 1 y 
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Led III. by this Machine is found by comparing the! 

rhe Point F, with the Height that the Weight is rais'd in any 
* 32. 47. determinate Number of Revolutions of F., An hundred Pounds 
„Weight at P will be cafily rais'd by the Hair of 2 Man's Head 
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84. In the Machines abovemention'd, b 


; Fry * 


both ſimple and com- 
pound, the Power according to its Intenſity is ſo applied to 
one Part of the Machine as immediately to act upon the Weight 


whoſe Reſiſtance deſtroys: all the Force of the Power, when an 
Aquiltbrium is made by giving the Body mov'd and the Mover 
a Velocity reciprocally proportionable to their Intenſities; and 
when the Product of the Power into its Velocity exceeds that 
of the Weight into its Velocity, there is no more Momentun 
* 14. left to the Power, but ſo much as it has more than the Weight *. 
But there are other mechanical Organs, in which the Force 
of the Power is accumulated, and, as it were, 'condens*d, before 
the Weight is acted upon at all; ſuch as an Hammer, the 
Cock of a Firelock which carries the Flint to ſtrike upon the 
Steel, the Battering-ram (already mention'd by the by in ano- 
ther Lecture) the Rammer to drive Piles into the Ground; the 
ly applied to Printing or making a Stamp on Medals or current 
* 55, Coin (curſorily taken notice of in this Lecture ) and the Pen- 
1 dulum; and in a word, whatever is made uſe to give a ſudden 
Blow, or ſtrong Impreſſion inſtantaneouſſy; which tho' all re- 
ducible to geometrical Calculation, whereby one may be certain 
of their Effects, yet cannot be explain'd from the Principles al- 
ready given; and therefore the Conſideration of them muſt be 
defer'd till we have expla in'd thoſe Laws ef Motion on which 
they depend. In the mean time T think it not improper to 
XN give Sir Jſaac Newton's Account of all the mechanical Powers 
by one Scheme, as he has explain'd them in the ſecond *Corol- 
lary to his Laws of Motion; for tho' that Explanation depends 
upon ſuch Laws as are to be hereafter conſider'd, ſo much of 
them as 1s contain'd in his firſt Corollary being taken for gran- 


ted, will ſerve our preſent Purpoſe. - 
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85. If upon a Body * at A tu Forces ab? at once, whoſe 
Futen ſit ies are as the Length of the Lines A B and A C, and 
Directions in thoſe Lines ; the Body ſo acted upon will deſcribe 
elle Line A D the Diagonal of the Parallelogram compleated by 
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drawing the two Lines C 


. 
2 


parallel to the tus former ; and that Diagonal will be deſerib'd YN" 


by the joint Forces in the ſame Time that either of the Forces 
fugly would” have caus'd the Body to go thro' the Line AB or 
AC. And as by Compoſition of Forces a Body will move in the 
Line AD; fo likewiſe a Body moving in the Line A D, thu 
by the Action of one ſingle Force, may be conſider*d as if it had 
been ated upon by two Forces, namely, reſolving the ſmgle Force 


86. Ir the unequal Radi. O M * and ON drawn from the. 
Center O of any Wheel ſhould ſuſtain the Weights A and P by pig 
the Cords M A and NP; and we wou'd know the Forces of 


thoſe Weights to move the Wheel. Through the Center Odraw the 
right Line K OL, meeting the Cords perpendicularly in K and 


L; and from the Center O with O L, the greater of the Di- 


ſtances O K and O L, deſcribe a Circle, meeting the Cord M A 


in D: and drawing O D, make A C parallel and D C perpen- 2 


dicular thereto. Now, it being indifferent whether the Points 
K, L, D, of the Cords be fix'd to the Plane of the Wheel or 
not, the Weight will have the ſame Effect whether they are 


ſuſpended from the Points K and L, or from D and L. Let 


the Whole Force of the Weight A be repreſented by the Line 


AD, and let it be reſolv'd into the Forces AC and C D; of 


which the Force A C, drawing the Radius O D directly from 
the Center, will have no Effect to move the Wheel: But the 


other Force D C, drawing the Radius D O perpendicularly, wil 
have the ſame Effet as if it drew perpendicularly the Radius. 


OL equal to O D; that is, it will have the ſame Effect as the 


Weight P, if that Weight is to the Weight A as the Force DC 


zs to the Force D A; that is (becauſe of the ſimilar Triangles. 
ADC, DOK) as O K to OD or O L. Therefore rhe Weights. 


A and P, which are reciprocally as the Radii O K and OL. that 
lie in the ſame right Line will be equipollent, and ſo remain 


in /Equilibrio, which is the well known Property of the Ba- 
lance, the Leaver and the Wheel. If either Weight is greater 


than in this Ratio, its Force to move the Wheel will be fo. 


much the greater. If the Weight p equal to the Weight P, is. 
partly ſuſpended by the Cord Np partly ſuſtained” by the ob- 
lique Plane p G; draw p H, NH, the former perpendicular to. 


the Horizon, the latter to the Plane G; and if the Force of 


the 


1 1 E An Ws ache Te "ay 
D and D B reſpeftively equal and Lect. III. 


F 
4 


Plate 13. 


ö | 5 9 ; 1 
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by the Line p H, 


ght 5 tending do 
A | „, HN. If there was any 
Plans perpendicular to the Cord 7 N, cutting the other Plane p G 


in a Line parallel to the Horizon; and the Weight p: was ſupport. 


9% Leayer. Therefore the Ule of this Corollary ſpr 
Wide, and by that diffuſive Extent the Truth is 
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1 Fes . ee Matin, 5 . call'd 55 35 Mechanical F welke, 
5 r Mechanical Powers. ] 


TH * Word Power here f is to be taken in a very different Senſe 1 

from what it bears in the 3 Lecture, where the Word Le&. III. 

KK. Power * {ſignifying whatſoever is made ule of to raiſe a Weight 

is Ker Oy at large; for here it only ſignifies the Organ or Inſtrument 1 L. 2. No. 

whereby a Power of known Intenſity is made to act upon a Weight; '9 

and therefore we muſt take care not to attribute any real Force to any 
fmple or compound Machines, as a great many People are apt to do mere-- 

ly becauſe the Name Power has been given to Mechanical Organs, not 

from their Effect, but from the Effect which the Power are be by. their 

Means; for how much ſoever the Force of a Power is thereby encreaſed 

in order to ſuſtain or raiſe a Weight far ſuperior to it in Intenſity ; yet 
this cannot be done without loſing in Space and Time what is gain'd in. 

Force, contrary to what ſome have vainly imagined, becauſe the Vulgar- 
commonly ſpeak of a Machine as they do of an Animal, and attribute 
that Effect to the Machine, which is the Effect of the Tower by means 

of the Machine, as it is uſual to ſay, Such a Machine raiſes pes {ac 4 Quan 

tity of Water, or performs ſuch and fuch Wirk ; when we ſhould fay, if 

we would ſpeak in the proper and Philoſophical Senſe, Such a running Stream, 

fuch a Fall of Water, the Wind, or ſo many Men, Horſes, or Oxen, &c. raiſe 

fo much Water in ſach a Time, &c. by ſuch or ſuch a Machine; as we have 
obſery'd in the Notes on the laſt Lecture . It were therefore to bes Ann 
wiſh'd, that the Word Power were confin'd. to its proper Senſe, and not L. 2. 
us'd to wen a Mechanical Organ; but as it has been cuſtomary to uſe it 

i ru ©, I War Proper alſo to make ule of Sh FRA nichl to 8 | 

aution. 8 


6. 


2. Te == nes all Y Masha, - "RNAS 70 the Leauer, or e 
ing all their Operations by that of, &c.] Tho' one may eaſily ew (as we 
mall at the End of this mou . 2 every other Mechanical Organ does 
potentially contain a Leaver; that is, that "if ſo much of every other fim-- 
ne * was cut Away as to leave * a Leaver, the ſame reciprocal: 


Propor-- 


* * "9 . "me 
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Annotat, Proportion between the Velocities of the Power and Weight and their 
Lett. III. Intenſities; would as plainly appear on ſuch a Leaver as on the Engine, 
M before it is reduced to it: Yet we are not from thence to conclude, that the 
Leaver alone might be made to ſerve for the Purpoſes of all other Me. 
chanical Organs; for they are contriv'd of different Forms to anſwer to 
ditferent Ways of working, requir'd in Mechanical Operations for the 
Uſes of Life, it being ſometimes impoſſible to uſe one Mechanical Organ 
inſtead of another; and always more convenient to apply one than another, 

214 the Choice of which depends upon the Skill of the Artiſt. + 
=—_ . - bus in the Balance (whether a Pair of Scales or a Steel-yard) the 
_ 5 | Commodity to be bought, or heavy Body whoſe Quantity of Matter is to 
V be eſtimated, is not to be raisd with any Velocity, but only ſuppoſed to 
make an Ægquilibrium with a known Weight, which in this Machine ſerves 
for a Power But a Weight is ſeldom or never made uſe of as a Power in 
any other Mechanical Organs, except. in ſome few, and thoſe-Engines 
which the Ancients made uſe of in War, which are now out of Uſe, 
The Force of one or more Men is the Power applied to the Leaver; there 
the Power muſt always overcome the Weight, by adding a little more Ve- 
locity or a little more Intenſity to the Power, over and above the reci- 
rocal Proportion requir'd in the Balance. With this Inſtrument heavy 
odies are removed a little way at a time, as great Stones in Building, 
large wooden, leaden, or iron Pipes in Water-works, and large Pieces of 
Timber; but Leavers will only ſerve to raiſe thoſe Bodies high enough to 


- 
* 


jj —T:. oa Ee pl yon; of 

But if we wou d alle up a Stone to a conſiderable Height to lay it in 

its proper Place in a Building, or any other Body to any Height above 

WS three or four Foot, the Leaver becomes ineffectual, and then we muſt uſe 

37, 38, 39. Pulleys in ſome of the Ways mention'd in this Lecture *. Tackles of Pul- 

42, 4 leys are very convenient where there is no room for a Capſtane, and where 

3 Bodies are to be rais d in diſſerent Places, becauſe they are eaſily moveable; 
LP but the Weight muſt not be too great, by reaſon that many Mer cannot 
pull at once, and equally, by one running Rope; and if the Power was 
No | to be very much encreas'd by the Number of Sheevers or Wheels in the 
Põolleys or Tackles, the Rope muſt be of a prodigious, and therefore incon- 
— ooo ot Pa PR . 8 a 1 PE 5, 
An Axis i Peritrochio, Capſtane or Windleſs, which are all the fame 
i" Organ differently poſited, is of uſe where Palleys are deficient, For Ex- 
= 5 ample, if Water is to be drawn out of a deep Well, a Wheel with Arms 
= El or Spokes ſerves to turn the Axle on which the Rope winds to bring up 
= | the Bucket or Buckets In Building, a Capſtane whoſe Make gives the 
Power no more Advantage than a Tackle or Pulley of many Sheevers, is 
yet more uſeful, becauſe it will admit of eight, ten, or twelve Men to work 
at it and puſh its Bars, when only three or four could pull at the running 
Rope of the Pulley. If the four Bars of the Capſtane are fo long that 
three Men applying their Strength to each of them, the Man in the 
middle of the Three is at the Liſtance of three Foot from the Axis of 
1 | Eo. | Motion, 


1 


* 


Motion, en h hach che 1 ops: n! of be kuh Pane. 28 A ith 
ter, thoſe twelve Men will do the Work of 5, but in the With Part of T eck. III 
the Time. The ſame would be done, and in the" ſame Time, by two Men * YN 

walking within a vertical Wheel of 24 Foot in Diameter (fac a8 is call'd £15, 
by ſome a Counter Wheel) whoſe hortzontal Axle might b6fof" eight In- | 


Tons, might *thas be raisd by either of theſe Machines. But ik at a 
What fe, where only two Men ſhould be employ'd to work at the Crate, 
it was tequir' d to draw up heavy Blocks of Marble of three or four rimes 
the Weight abovemention d (for 4 Bloch of Marble ſix Foot long, 
Foot wide and four Foot deep will weigh between y and 8 Ton) the Co 
wheel muſt be 2 Foot in Diameter for an Axle of eight Inches, Which 

is impracticable, on account of the Bulk and Coſt; or the Axle muſt be 

made three times leſs in Diameter, and then it can hot be ſtrong enough to 

bear the Weight. In ſuch a Caſe therefore there muſt be a compound | 
Axis in Peritrochio, ſuch as is deſerib'd in this Lecture àñ, but with one Xo. 47. 
more Pinion; for example, if an Iron Wheel with Teeth of four Foot in 
Diameter be' fix*d' to the abovemention'd Axis of eight Inches Diameter, 

and that Wheel be lead by an Iron Pinion of ſix Inches Diameter, Whole 

Wheel is of three Foot Diameter and lead by à Pinion of eight Inches Di- 
ameter, whoſe Handles are a Foot long, the ſame Operation will be per- 
ſorm d by two Men, but they "muſt employ three times more Time. 

N. B. I, the Teeth of - the II bel de of Braſs,” aui th Teeth or Leaves ef the = 
Pinions of Iron,” "the -Mathind'will move more nie and the Ti erb "Wear 


equally . el e 130 nat e 0; * 
be Numbers of Teh inthe "JW heals and Pinions why, bins bebe, „„ (3 000 
_ 1 1 29 2 a Hs Ft 24 1 4 5 Ea 10 . 7 12 15 % "£4 7 HH 3 «Þ 21% 


The ſirſt Pieces to which the hi are fi? FATE nee 
e firft- 77 Wal: led by the _ - >. 1 12. 11 1 1.90 1 0 f 45 1 * # * 
The. ſecond Pinion, 19. 14 Fre fs is br 4 53 115. 4 wo 255 & Of. 
je Wheel, 49294216 99 11,90 09 Haig en at gel: aan , gilt 
einn n the: Aris on which the Rope 6 nuſt be of about eight Inches, 
"Becauſe: it immediately bears the Wright "by the” Rope, which" runs 
over con ain! afro or Rollers that add tio Wer . 0 een, 
1 1 Capftane with Bars as be oed to do che Work . 
Which it is proper, and unexpectedly there mould be Occaſion to liſt very 
heavy Weights, there is no Neceſſity for taking it down to ſet up ſuch 
2 Combination of Wheel-work as wel ave juſt deſerib d, becau 2 Pair er 
Blocks to help at ſuch a Time may be fix'd in any Part of the Building 
over the Place where the Weight is to come up and receive the Mon from 
the Capſtane, 4 as to enereaſe the Force of the Power „ according as the 
Blocks are a Turbie of Two, of, Three,” of Tur; or Five, 8c: ah chen the 


Blocks may be taken off dgain, and "the Capſtane worked as before. In 
the Uſe of the Counter-mheel or Rat Ama OT, F the Poner 3 
9 N.. 3 encreas'd. 
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ches Diameter; and about the Weight of one. Ton and an half, of two AT * 


No. 79, e e in this Leftu 


Where, hs is no Room ſor the . tas in Paviorochia of two. 

Le. Ill unge Wheels and Pinions, the ſame may be affected by making a Worm. 
ſcrem of one Thread turn d by two Handles of a Foot long ck to lead 
a Wheel of two Foot Diameter, having 72 Skew- Teeth, . and a Wooden 


Barrel or Axle of 9 Inches Diameter, the Advantage of, which Machines 
le * ANT 


If Hogſheads or Pipes of Wwe, or other Liquors, are to \be let dow 
into z Cellar, o brought up out of it, a Plank is laid along the Stairs, 
which in that Caſe is an inalin'd Plaue, the only mechanical Qrgan fit for 
that Purpoſe: Jo likewiſe in making! Reſervoirs for Water, in gardening, 
and in building Fortificatiens, where Carts can't come, inclin'd Planes made 
of Wood ſerve effeftyally for Wheel-barrows to run A in removing. the 
Harth from a lower to an higher Place. 

In cleaving Wood, the Wedge only is of Uſes. for an Hatchet, which 
may cleaye ſmall Wood, is only a Wedge with an Handle. Another con- 
ſiderable Uſe of a Wedge, is the raifing up a Beam to underprop it when a 
Floor begins to f Way, by yeaſfon, of too great a Burthen laid upon it, 
as in a Ware-houſe z and much Foree may be applied this Way, that 
ſome thouſand Tons may be rais d up together with the Floor, and all 
ſecur'd by means of this ſmall Machine. Per tho' Screws turn d by long 
Leavers might ſerve in à great meaſure for the fame Purpoſe, there muſt 
be Space ta go round with the Hand-Spikes, which cannot be had when 
the lower Fart of the Ware-houſe is full of Goods, without removing 


them with. great Trouble and Colt. See the Manner ef performing the 
in the 4th. Figure of Plate 13. 


Phe ; BA&DEC. is a Beam, Which in the horizontal, Situation, mark'd by 


Fig. 4 the prick'd Lines Bb and CD ſupports a Floor. Now when very great 
| 5 Weichs being laid upon the aid Floor, wake it give way and bend into the 
Curve B A, or, which is the ſame, CE D,- an | 8 
into a ſtout Plank FF, and an horizontal Piege, E here ſeen Endwiſe) is 
flip'd under the Beam, "and on the Top of the Poſt; then the two Wooden 
Wedges W, u, as hrind as the 8 are driven in witk heavy Hammers, 
in &riking at once in contrery Directions, ſo as to ſet the — ſreight, 
and reduce the Floor to its Place, without removing any of the Goods that 
lie on the faid. Floor, or moving any of e belon, but juſt to make 
PS LES on dh La HS Zap 
q: e 5 ag, pr 
er joining; cogether Bodies, are commonly known and is is evidens. by I- 
Wecdios, e d eiche 2p Qrgaos lk anon he ſane Por- | 
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Secondly, | Pulleys are * 8 to 1 Leavet * A5 2 Pulley ns n i 
ED ( P Fits 10. Fig, 3.) appears plainly t to be a Leater of che fit B ind, LEY. 28A. 1 = 
by 2 0 away all the Sheeyer, except the prick'd Line E D, which about | = 
the Center C keeps in Aguilibrio two equal Weights: In the 4th Hure E 2 * 10. 
the lower Polley 7 ge, by leaving only che prick d Line ge, and Center Pin + * 8 
c, appears to bea Leaver of the ſecend Kind, whereby a Power applied at Fig. 4. 
2 does in the Direction gd raile a Mc W. ſulpended at the Center Pin 
& es is here evident, that „ is che fin d Point or Fuſcrum of the Lew 
the Diſtance of the Power; and fe the Diſtance of the 979 1 
ly, in \ Experiment, the Power P: is to the Weight W 7. 
28 6e: to 4 : 34.2 N by empötfitg the compounded Teiten ,, . 
Plate g. Fig. 14. Wi e Syſtem. of Pulleys of Plat 19. Fig. 9. one mx pl. 3 A 1 
ſee 7 — the fout Pulleys reduc'd to their horizontal Diameters, aft 
one another as four Leavers of, the ſecond Kind; in every one of which the 8 
Diſtance of the Power is Two, and that of ths Weight is One, and there 
. the 'Ratio compounded of them alk , is that of the Weighs to the + No. neg 
Power, or 16 to * T 2K %⁰οͤ 16. O comparing this Syſtem, of 
lower Palleys with Fig. 3. of Flas 157 which is jut fach > Syterk of Afſem- 
blage of I eavers of The ſecond Kind, where the. Leavers are mirk'd wich 
the f ſame Letters, as well as the Forces pulling down each Leaver 7. pl. 13. F. q. 
One may, by op. 11th Figure of Plate 10, eafily reduce an Axis in pr. 
ritrochio to a of the firſt. Kind, repreſented my the prickd Lins 
ET, the fix'd Foie 1 — at E, the Power being applied at E, and di- 
ferent Weights acceſfively at the Points A, B, and dT, cutie e the 
reſt of the 1 8 But as the Nope ſuſtaining the Weis 40 e 
move in the ſame Plane as the Rope drawn by the Power, it is better tie 
confider it as a Leaver of the firſt Kind twice bended, and an Axis of 
Motion going thro one of the bended Parts, as in the 6th Figure , where + Plate 13. 
the bended Leaver A Cc B moves en the Axis II fixd in the Frame Fig, 6. 
IKL. I. B: repreſents the Radius of the Axle, and A C the Radius of : + - 
the Wheel, ſuppoſing Bc and AC in the ſame Plane, and at right Angles 
te the Axis n they. muſt be redue'd to right ones, by 
caſing their Lengebs only the perpendinalas. Difances of Bind A from the 
Axis IT: Then Þ being a e ang nn Weng rags ur 
Pro rtion will be 1 AC. B. W:... 
o reduce the inclin'd Flane to Lester, we moſt look for 4 bended / 
the. . 0 99 ane, whoſe: Arms fall de an 


. of the Plane to f wi | 

Since the Triangle ABC# le border Y B (by 4. 6. 220 pee, if 

v\B Ti x $0 . (by 3 69 in the bended Leaver ,; 2K. is 14. 

BN AB: 1 is che Line of Direction off the Weight 
1 d as preſſing on. NB che ſhart Arm of 
. 


Eo. 


the Leaver at the 
ſpherical Wei e Flane, and the Power applicd at right -. 

gles at the End Bp gh che longet-Arm of the L,eaver.; therefore, ealling 
the . and w the Weight, He **NB: Son AP! BC. 


5 N. B. 


, that W 
the Lea IT Canter of Motion being at By where the 
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50 B. Here tbe Power by a Rope over over the Pulley M, draus in a @ Direfiin, 
parallel to the Plane; but if it drew in any other Direction, one might 


0D 3 on calculate the oblique Force of the Power by” mean of a bended Leaber. 


* Plate Ja 


N 0 

* * 
af F 
4 p 


* Plate 13. 
Fig. 8. 


* Plate 13. 
Fig. 9. 


„fre ſeparated: Or el 


+ Plate 13. 
Fig. 10. 


But we muſt tiefer this to our particular Obſervation” of the inclin'd 
Plane, and ſtatical Conſiderations, in other Notes; except the Direftion 


if 43 T. parallel tothe Baſe, "which reduces the Wedge to 4 Leaver. 
Now the Triangle A B C muſt repreſent the Wedge, which being peer 
| under the Weight, makes it riſe up the perpendicular Height C B, while 


the Power drives the Wedge the Length of its Baſe AC, or, which is the 
ſame” Thing, the Power II draws in the Line 9 parallel to the Baſe AC. 


Here the bended Leaver is O BN, wich the ſhort: Arm N B ſupporting 
1 the Weight at N, while the Tower ſaſten d to 0 draws the Arm 0 B at 


right Angles. 

- Authors . Gio other Wa ays of reducing "the Wedge to a POET . 
For example,” the Wedge BFC* of Plate 13. Fig. 7. is conſider'd as a 
Leaver of the ſecond Kind, whoſe Fulcrum is at P, and the Weight at 
W which moving round the Center of Motion F, by a Power carried on 
at the End of che Leaver from A to L, raiſes up the Weight W. Or 
elſe, the Leaver being kept by the Prop B, ſo as always to make the 


ſame Angle with the Horizon, is carried on from the Poſition C FB into 


the Poſition h, the Fulcrum | advancing forwards along with it to raiſe 
the Weight to w. In the 8th Ngure , where two Bodies axe ſeparated to 
repreſent the cleaving of Wood, the W edge is s reduc'd to two Leavers 

the firſt Kind, having the. Fulera at F,'f," the Weights at W, w, and 
the Powers at 1. J. Or in the gth' Ngure two Leavers of the fecond 
Kind are ſuppoſed to be very thin, and thruſt in between the two Weights, 


ſo as to preis againſt each other's Ends, and make a common "Fulcrum at 
F, the Powers 17 from L. /, to à and 5, While the Weights W, v, 


(what comes to the ſame Thing) the faid two Lex 
vers being join d in a fix d Angle by the Prop LI (Hg. 10.0) are conſider d 
as thruſt in between the Weights, while the common Fulcrum adyances 


in the Line FG. But becauſe in all theſe Ways of explaining, the Dif 


tance of the Power (and conſequently its Force) is continually changing, 
which is not true in the Wedge; I would rather propoſe another Method, 
which will agree with the Caſe of the ſingle Wedge or 2 Wedge (dl 


# No. 55, 56. tinguiſh'd thus, as the Inſtrument acts with one or both Surfaces 0 always 


* Plate 13. 
Fig. 11. 


making the Diltance of the Power and Weight! to keep rhe Proportion 


agreeable to the Ange of the Wedge: As for example, in the Wedge 
LFW Eg. 11.* L 


whilit the Leaver turns round the Center F, the Power at L deſcribing the 
Arc LI: So in the double Wedge Fg. 12. two bended Leavers, moving 
round the Center F, by their ſhort Arms FW, Fu, ſeparate the Weights 
W, w; and when they have brought them round to X and u, the long 
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W is a bended © Leaver, whoſe ſhort Brachium 
always N the ſame, lifts up the Weight 1, and brings it to 1, 
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. H Quant of Hin in Engines will be em fdr; Ee. This 


Machines (new to them, tho? perhaps deſcrib'd in old Books, 1 


Uſe to the Publick to give as full an Account of Friction, as L poſſibly 
could gather from the Experiments made by others (eſpecially the N 


embers 


OE 
We ſhall not 


nhich, on account of the Nature of the Matecials,” could not be avoided 
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Anpotat. at firſt, So an old Jack for roaſting Meat requires more Weight to male 
Left. III. it go when the Pivots and their Holes are pretty much worn; and a yell 
nade Lock grown ruſty for want of Oil to guard it from the Aion of 
the acid Salts in the Air will not without difficulty. be open'd with a ruſt 
| Key; tho' the Figure both of the Lock and Key be as perfect as at 4 
Wood will grow. rotten, and ſwell beyond, or ſhrink from, its firſt Dimenſi- 
ons by the Weather; and Cords run round Pulleys or wind about Rol- 
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ers wick more eh according as they ie by wet, or any way be: 


„„ %%% % POT nr any we 
70 proceed methodically, wwe will confider the unavoidable Frittion of the ſin. 
ple Machines or mechanical Organs (e ueral © 


The Leaver, in reſpect to the Work done with it, is ſubjeck to very lit- 
tle Friftion, moving on a ſmall. Sur face croſſing the Inſtrument like a Line 
Where it is applied to the Prop or Aais of Motion; which in Theory is 
 confider'd only as a Point, and call d the Center of Motion. 


When the Balance (whoſe Make is neareſt to that of the Leayer) has no 


more Friction in proportion to its Length than the Leaver; yet it has a 
great deal too much for. à nice Balance, as may be found by Experience. 
For of the Scale-makers know wherein the Nicety of a Balance conſiſts; 
but generally follow a Faſhion, or, when they would excel, endeavout to 
_ out-do one another in Ornaments or a fine Poliſh, conſulting Beauty more 
than Uſe; and thinking the Buſineſs is done if they have brought the Ba- 
7 / / Q K GEE 
For the Benefit of thoſe who would make, and thoſe who would uſe 
very exal Scales, I ſhall here mention the Faults I have found in Scales 
eſteem d extraordinary good ones; and ſhew in what manner I think ſuch 

_ Faults may be avoided ; as alſo the utmoſt that may be expected from a 
MERE. NIL ęmqgTxę px ðo =. ⁊ | 

Mfr. George Graham and I laft Summer, in order to try ſome Experiments 

with Bri 4 Armſtrong, Surveyor of his Majeſty's Ordnance, examin d 
2 Pair of Scales made by a very nice Workman, and kept in a Glaſs Cak 

that the Air might have no Power over them. "Theſe Scales were though 
extremely nice, becauſe they turn'd with the 256th part of a Grain; but 
upon Examination they appear'd to differ from that Nicety ſometimes z of 
the Parts above-mention'd, which. made us imagine one Bracbium longer 
 , than the other; but at laſt we found that this Difference was owing to 
* Plate 13. the Situation. of the Axis of Motion; for if in the Circle Aa BI (on 
Fig 13. the lower part of which the Axis or ſharp Edge of C ought to beat at A) 
the ſaid Edge ſhould not reft at A, but at 4 or 5, the Brachiam on the 
other Side of A will preponderate ; which it did in our Trials, fo as to 
make a Difference three times greater than what turn'd the Balance in its 
true Situation. No ſince the Friction encreaſes in proportion to the 
© Weights bearing, on the Axis of Motion (as we ſhalt hereafter fhew) 
this Error will encreaſe in the ſame. manner and become conſiderable, 2 
_ heavier Bodies are weigh; fo that when we think we have an £47 
Thu, by only fans vp the: Beam FE, wich cle Weight Janging i 


* 


2 0 


| ently in Æmuilibrio; to try whether the Points of Suſpenſion are eractly 


Agmilibria, 
| for one another, then  you-may be ſure that both. Sales and hn are well 


eint A, anch if that alters the Aiguiliiniam ofthe: Ream without the 


j K ²0̊uiĩ .. T8T— 


A. Ou 97 Evper mental Philoſophy. 1 1 
Eods in the Scale, we ſhall upon letting it do m find the Æguilibrium Annotat. a 
to be loſt; ſo difficult it is to lay the Edge or Axis of — upon the Let. . 
fame Place which it had before, or to give it a true Bearing at firſt over 3 

the lower Part of the Ring at A. There is alſo 3 Fault which 
Scale- makers are ſometimes guilty of, which is not to make the Brachia 
nicely of a length; and then to hide that Error, they adjuſt the Balance 
by filing away ſome of the Thicknels of the longeſt Part of the Beam, and 
ſometimes by the Scales. Others again, by making Ornaments in a nice 
| a ſlender Beam juſt under the Axis where it ought to be 
ſtronge 5 0 

THEY © a very exact Pair of Scales the following Direftions mould 
be obſerv' 

1. The Axis c muſt be made of good Steel harden d "ne well poliſ'd, 
but the Edge of it muſt not be ſo ſharp as to cut. 

2. The two Rings on which the Avis 15 to bear, ſuch. 25 Aa B55 muſt | 
alſo be of hard Steel and well poliſh'd, but the lower Part of them ſhould 
the macros Bak oC-9a Oval, + the Hole being of the Figure K. The 
Planes of theſe Rings with the Pieces that carry them (here cre repreſented | 
by mu as broken, with the Examen o between them alſo broken) muſt be 
exactly parallel to one another, and one and the fame Line muſt be their 5 
common Axis. 

N. B. If theſe Rings were made of Agate or any barder Stone ll ib, 
they would do better thaw Steel. 

;. The Points of Suſpenſion of the Scales, "foek as foi mult be exaaly 
equidiftant from C the "Middle of the and the lower Part of the 
Hole S muſt be a ſharp Edge of hard and poliſh'd Steel. 

4. Each Scale being fitted with its Hook and Sexings muſt be weigh'd 
8 in another Pair of Scales, obrving to weigh each of them in the 
fame Scale againſt the fame in the other Scale, without ſha» 
king nv oro to alter the Poſition of the Axis in the marmer dere 
nention ns 

5. When. the Beaas being, ſilpended, does bip: ae ns a dhe 
lender perpendicular Piece over the Axis) appear to haue its two — - 2 


Mary). Sek — 0 hang on the Scales (prepar d as belove. 
dreited} and if they are in and continue ſo upem them 


FE" , + 4 
Fo i nl 1 OTE. 063% 


Abe 

6. e ieee agu abs Ben: 8 
uequally divided 3 then wich a Pair of Pliers bend the Pant I. of thu - 
Iba, in order to bring S nearer to, on bo vemave in Grther from: the: - 


Sales, hang a Thread or ſome ſmall Weight on that End of the Bens 
My has been made ſhorter, to: reſtone thar Aquuiabriire:;, n tay with 
te Scale and if the 45) ——————— vieh 
Jacbionny, W vhs n —— — >= 


<4 7 ; 


Ak mide. of Steel, after the Hook LS has been harden d, one muſt with a 
Led. III. Blow- Pipe bring down the Lemper of the Part Wy that ir e be ſolt 


* Plate 13. 


Fig. 14. 
* Plate 13. 
Fig. 15. 


1 Plate 13. 
Fig. 16. 


Plate 13. 
Fig. 17. 


the ſupporting Piece C. 15 


A G6 rſe of Wo verena P hy wſophy. | 


1 to bend without breaking. 
The Points of Suſpenſion for the Scales; as s, inſt; be in the ſme 


Wales Line as the Axis A, the Scales muſt hang very freely on their 


Hooks, and the Center of Gravity of the Beam muſt. be a very little un- 
der 1 

8. When the Bin of a «Pair of Scales welkhs from wires or four Om 
ces to about one or two Pounds, ſometimes the Points of Suſpenſion of 
the Scales are ſhut up within Boxes at the Ends of the Beam ſuch as B, 
thro' which a ſquare Piece as Steel C paſſes, whoſe upper Part in the 
middle has an Edge like the Axis of the Beam, but only with the Edge 
upwards, to ſuſtain the Eye ee, and the Hook: of che Scale. C repre- 
ſents one of thoſe Pieces out of the Box, and its middle Section is mark'd 
D, whoſe upper Edge ſupports the E *. In order to adjuſt ſuch a Ba- 
lance nicely (all other Things being fix d as beforemention d) there ſhould 
be a long Hole like H + *, for the ſuſpending Pieces as Ce, to be moy'd 
in, ſo as to be brought nearer to, or farther from the Axis of the Balance, 


by means of a Screw Pin P; that when they come to be exactly equidiſtant 


from the ſaid Axis (which can only be known by hanging on Scales 
or Weights exactly equal, having due Regard to the Effect of Pins length- 


ned or ſhortned without the Box at P by ſcrewing) the Pieces C may be 


fix d, the Screw Pins filed 2 and the reſt of the Hole fill'd up on each f ide 
7 . 
N. B. It is not to be ee that a ive us if Selles. ſhould be þ 4 A 
as a ſmall Pair; becauſe the Friction encreaſes according as it is heavier : 
So that if 4 Balance, whoſe Beam and Scales weigh fix Ounces Troy, 

20 I turn d with ts of a "Grain, it may be ſaid to be c nicely adjuſted as 
2 Bader Armſtong s Balance abovemention'd, which weighing 16 times 
290 e turns with zg of à Grain. So lilewiſe ben 4 Balance turns 
with a ſmall Part of a Grain, we muſt not expett it to turn as" eaſily 
(19 When 7 bugs we are yrs be they: will always become oye vice, accord- 


The Pulley 5 is able to a — ideal of Fridion on account of the Sti 
neſs of the Ropes,” the Smallneſs of the Wheels or Sheevers in Proportion 


to their Center-Pins,” and their rabbing againſt oy —_ of the Block or 


Frame in which they ee e grit $9) 

Great Care ſhould be taken that Pulleys, hich: are to be us in Build- 
ing, or any where at Land; ſhould” receive no Wet; for by ſo doing, the 
Ropes twiſt and thicken, lo as often to require a great Force to draw 


them thro? the Blocks in that Condition, even when no Weight is rais d; 


but when one cannot avoid wetting chem, tarr'd Ropes muſt be. SEE 10 
at Sea. l 40) Sod enn ee 2021407 Real mn 10 v5 412 en 


To ome the Wheels rubbing too much againſt the Blocks that con 


tain them, there ought to be thin Collars of Braſs or Iron of a Diameter 


much les than the Wheels on the Pins on each fue of the Wheel. 


Sbem | 0 


To leſſen the Friftion on account of wap Pins when great Weights are Annotat. | x 
to be rais d, we ſhould conſiderably increaſe the Diameter of the Wheels, Lett. Hi. 


tho' in ſome Caſes the Machine would be too cumberſome, and there- 


fore not ſo eaſy to be managed. But as People do not commonly imagine ſo 

much Difference as there is between ſmall and large Pulleys, provided their 

Number and Combination to be the ſame; 1 ſhall explain that Caſe in conſi- 

dering the Way of finding what the Quantity of Friction is, and only men- 

tion here that according to Monſ. Anont ons Experiments and Calculations *, Memoirs of 

there is ſo much Friction in Pulleys on account of the Force requir d 1 * 

bend the Ropes and overcome the Friction of the Pins when the Wheels 15 I 1 

or Sheeves are ſmall, That if over an 2 Pulley of 3 Inches Diameter 

with an Inch Pin, there was a Rope of 11 Diameter haying 800 Pound 

Weight at each End, which Weights muſt keep each other in 7 70 0 4 

in chis Caſe (becauſe here the Palley only does the Office of a og Fo 

order to make one of the Weights preponderate and overcome all the 'ric- 

tions, ſo as to bring the other Weight over, one muſt add 436 3 to that 

Weight, call'd the Power in ſuch'a Caſe : But if the Pulley Fad been of 

24 — Diameter, the Diameters of the Rope and Pin vols as in the 

fnall one, 45 Pound would have been a ſulneient Addition to the Power to 

enable it to give Motion to the Weight by overcoming the Friction. It is 

therefore well worth conſidering the Quantity of F ficken in order to direct 

us in Practice; fince in this one Inſtance by only uſing a Pulley-Wheel of 

24 Inches Diameter inſtead of one of 3, the Force to overcome the Fric- - 

thn is leſs by the Quantity of 391 7 Pound; or leſs than 3; of the Power 

added to it will bring up the eight, when in the other Caſe there muſt 

be more added to the Power: than one half of it. 

The Axis in Peritrochio has but little Friction if the Wheel be kg and 
the Axle ſmall, except what ariſes from the folding of the Rope round the 

Axle if a large Rope be made uſe of to raiſe a great Weight. But yet 

we ſhall ſhew how to find the Friction of the Axle, whatever it be, after : 

we have taken notice of the Friction of the other Machines in general. E 
The inclin'd Plane is not liable to much Friction, if the Weight w which” 

is roll'd up be ſpherical or cylindrick; for then the whole Friction ariſes 

only from what the Plane wants of perfett Hardneſs, ſo as to ſuffer the 

Body rolling up to fink a little, which alters the Inclination of the Plane 

in that Place by making it ſteeper, and renders the Line of Direction a | 

little inclin'd to the Plane: So likewile, if the Plane being hard, the Bo“ * 

dy yields and alters its Figure a little; then it muſt be lifted at every 
Pull, or go up by jumps. But if the Body to be drawn up be flat, or of 

any Figure not ſpherical or cylindrical, as a Piece of Timber, or at . 1 

Sledge loadeJ, then the inclin d Plane will have a great deal 'of Frittion; 


which. we ſhall ſhew how" to eſtimate 1997-20) TOONS v7 do 8 Af 


The Wedge has a great deal of Friction; for beſides all this laſt men- 
tion d Friction of the inclin'd Plane when flat Bodies ſlide againſt one ano- 
ther, there muſt be added the third Patt of the Preſſure which. the: ſame... - 

oy gives more to the Wedge than the inclin d Plane, by reaſon of the 
8 T wh  Obliquity | 
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e Obli quity * Oh Drau ht, a Wed e n en an inclid d n with the 
Lea, III. [me of Dire&ion para lel to. the ſe, inſtead of being parallel to the bly. 
PINS 'Potenule « of a Triangle, whoſe Height is the [Thickneſs of the Wedge. 
5 N. B. Ve do not here take notice: of the Cobeſian ef tie Mood or -Bodin 

10 be n becauſe the Reſiſtance there to be ſurmounted. is to be cup. 
= - ht as 4 Weight, and therefore attributed. * . We eight and 0h: the 
= 5 The Screw has a Fridtion of the fame Nature as-that.of abs Wedge, 

© becauſe it is compounded of a Wedge; but greater, becauſe. it touches in 
all its Parts at once, which a Wedge does not . The flat or ſquare threaded 
pl. rr. Fr. Screw & repreſenting only a fingle Wedge riſing in the Direction E K or 
TPH. 14. LM, G.. has leſs Friction than the ſharp- threaded Screw becauſe in 
this laſt the Surface of the Thread of the Screw is-inclin'd to the Baſe as 
EI. II F. 13. well as to the Axis or Arbor of the Screw. But the endleſs Screw e has 
yet more Friction than the ſharp- threaded common. Serew,, becauſe it is 
oblig d to take obliquely the Tooth of the Wheel, which it drives. 
or this reaſon in Glock or Wateh-work thoſe that would change 
Wheels and Pinions i into endleſs Screws ſhould be aware of the great Fric- 
tion that is in them, and not make: uſe. of them unleſs the Nature of the 
Movement requires. it, and there be more gain'd by an Alteration of the 
Direction e Io 3, than is loſt by Frickion. 
To ſettle ſuch a Theory of Friction as may ſerre to- dire& our pradlice 
(chat we may not only make a juſt Eſtimate of its Quantity in every ſimple 
Engine; but alſo fad: out. the P riction of the ſeveral. Parts | hich make up 
a: compound Engine, ſo as to enable us to know. what to allow for the 
Friction of the whole complex Machine) depends upon ſo many Experi- 
ments and Obſervations, that I rather chooſe to conſider that Subject in a 
Lecture on purpoſe (viz. the 4th, Leddure) than go on with it here, which 
would ſmell theſe Notes to too great a. Bulk; fo much re to be 
conſider d in relation to the ſeveral Particulars of the 3d Lecture, chat they 
will far exceed the Length of the Lecture; unleſs I were to omit ſome 
Things very material, which yet are too difficult to be mention d in the 
Lectures themſelves, which I have made ſo eaſy. as to require only the 
SINE 8 ee mitder þ any moons Lge! 1 anne. 


r 


acht of the 
Bodies. t to be compar'd — that 8 we muſk be careful that the 
Center of Motion or Point of Suſpenſion of the Beam be not in the Cen- 

ter of Gravity, becauſe then not only the Beam would remain in any gi- 

* Iz. 2. 26, ven Posten“ as. well. inclin d as horizontal) but alſo continue. in that Pd- 


. Thy! Aris hy ſpeat the Friltion.of Bodies 0 f the * Wei gh nan e, in 
reeling Parts that rub ; Fg it 79 7 here, l in this * be 


roporti on to the 
ee 55 . Aw to ane ae that in 4 25 Hedge. 
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let us examine the it Figure of Plate 14. T 


eee — pg vi 
when e by its Center of Gravity K, will as well remain in the in- Pl. 1 r. 


clin d Polition A EBF as in the horizontal Foſition: Nom if the heavy 
Bodies P, W (equal, if the Body be equally divided in its Length by the 
Point K, or reciprocally proportionable to the Brachia if the Beam be 
unequally. divided) be ſuſpended at the Ends A,B, they will hang in e. 
librio in any Inclination of the Beam, let the Beam be of any Size whate- 
ver. Firft, let the Beam be ſuppos'd ſo lender as to have little or no 


Weight in compariſon of the Bodies, as the Line AB with its Center of 


Gravity at K; it is evident that the common Center of Gravity of F and 
W, which is at G, will not be ſenſibly remoy'd from the Point G by the 
Addition of the Beam ſuppos'd of little or no Weight, nor by che Remo- 
val of the Bodies to p, w, when the Beam is inclin'd into — Poſition 


ah. Secondly, if we conſider the Beam with all its Weight; when in“ L. a. 3H 
the horizontal Situation C, the heavy Part CB preſſing upon AB being 32, 33. 


equal and equally diſtributed over the Beam, and the lower Part A De- 
qual to C hanging under in the ſame manner as C preſſes above, the 
Center of the Gravity of the Beam will not on that Ken be removed 
from the Point K; but the common Center of Gravity of the Bodies P, W, 


and the Beam will be remov'd from G to g under the Center of Motion 


K; therefore the Balance and Weights will remain in that Poſition, be- 


cauſe the Point K of the Line of Direction is ſupported{|. Neither will / L. It, 43. 


the Weights (which in a Balance always hang freely) be able to alter 4 
horizontal Poſition by their Suſpenſion, 3 their Diſtances A K, B 

from their Lines of Direction to the Center of Motion K (upon which 
their Velocities depend) are equal or reciprocally proportionable to their 


Maſſes v. Now if the Beam be inclin'd in the Poſition EAFB, we may L. II. 1. 
fill conſider in it the lender Beam AB loaded above and below with the _ 1 
two equal Priſmatical Wedges AFB and AE D, whoſe Centers of Gravitß *** 


being at m and u, their Lines of Direction will go through the Points r and 
5 equally diſtant from the Center of Motion K, therefore they will balance 


each other · , and conſequently not alter the inclin'd Poſition of the Beam. + 18. 


Then if we conſider the W eights p and w ſuſpended from the Points a and 
, the common Center of Gravity of the Beam and Weights will till be 


at g, and the Diſtances of the Lines of Direction of the Weights now be- 44 


coming K and 2 K decreaſe exactly in a reciprocal Proportion to the 
Weights; fo that there can be no Motion occaſion'd: by this Poſition of 
the Beam and Weights, becauſe there is no Alteration of Place in the 


common Center of Gravity of the whole loaded Balance, or the reſpeltiue 


Velocity of the Weights. 


But if we remore the Center = Motion or Point of Suſpenſion of tho 


Balance to “ a little above the Center of Gravity of the Beam K, the 


Line of Direction, which in the horizontal Poſition of the Beam is &g, 


wil in the inclin d Poſition of the Beam be out of the Point of Suſpen- 
T 2 ſion, 


48 4.7 ry. 


Grion * equal Wei lein are e dulpenlel ot its rate this, Annotak.' | 
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Annotat. ſion, which will then be remov'd to c, and the Center of Gravity muſt move 


' Left. III. from g to , which it can do deſcribing a ſmall Arc roum the Point c, 


2 which will reduce the Beam to an horizontal Poſition, in which the Line 


of Direction will be 47 going through the Point of Saſpenfion c, and'con- 
ſequently - Weights that are in Æquilibrio upon a Balance whoſe Center of 
Motion is above the Center of Gravity of the Beam will reduce the ok Ba- 

Jance: from an inclined to an horizontal Poſition. © 
Now in fixing the Center of Motion of the Beam above:the Center of 
| Gravity, Care muſt be taken not to fix it above the Points of Suſpenſion, 
as ſome Authors have taught, and as the Practice is in making the 
common Scale- Beams, which may be conſider d as made up of two Lea- 
vers making an obtuſe Angle at & the Center of Motion, whilſt the Points 
of Suſpenſion A, B, are under its Level in the Line AB. Such a Ba- 
lance is 5 wed for common Purpoſes,” becauſe it comes ſooner to an A#9uili- 
 brium, than if A B was one Line; but it is a falſe Balance, and a 5kil- 
ful Perſon may cheat with it in proportion as the Angle A B is more acute, 
. . F. 2. o/pecially when there is no Perpendicular Piece or Examen as Cr*, 10 fhew 
when the Balance is truly horizontal; for unequal Weights may. make an 
Agquilibrium on ſucb a Balance, and not be diſcover'd by changing the Scales, 
which preſently diſcovers the Cheat in a Balance whoſe Beam has its 
+ 279- Brachia unequal +. For example, let the Balance AC Be (whoſe Center 


of Gravity is at c and Center of Motion at C with the equal Weight P, P, 


hanging at its Extremities A B) be plac'd in the inclin'd Poſition 4 b, I 
ſay that as the Line of Direction D d of the Weight P is brought nearer 
; 4 Br Center of Motion (viz. to q =) the ſaid Weight may be increas'd in 


proportion as its Diftance C is diminiſh'd by being reduced to C4, and 


405 with the very ſame Force on its Point of Suſpenſion : Whilſt the Line 
of Direction of the oppoſite Weight P being remov'd from O d to be, its 
Diſtance Co becomes C6, and therefore P may be diminiſh'd in propor- 


tion as its Diſtance is increas'd; therefore in that Situation of the Ba- 


lance the Weights P and P will keep each other in Mquilibrio, when they 
differ in the reciprocal Proportion of their Diſtances 7 C and 6 C, or b 


1 ,; E. D. i 
The nearer the Gebms af Gravity. of the Beam is to the Center of 


Motion, the nicer will be the Balance, becauſe the Beam will be the more 


. * F to vibrate quick from Side to Side. As for example, if ac C be 
the Beam and. C the Center or Axis ot Motion, the Difference between 
the Effect of having the Center of Gravity at K, or c, will be the ſame 

as if we compar'd the Vibrations of two Pendulums of. the Lengths EK 
and Cc, whole Velocities in their. Vibrations reciprocally are in a- ſubdu- 
plicate Ratio of their Lengths (as I ſhall further ſhew- when I. _ 
to treat an ene for ths CoH is Fn a Team . 


7 i x * 7 


Expr. 


8. . 


and Ca if the Balance be inclind the other way in the Line 4 8; che Dil. 
covery being only made by « the viſible Inclination of 3 Examen towards 
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To the Beam AB, whoſe Axis of Motion is C, fix a ſerew'd Wire K cp1, 14. F 3. 
and a Ball W fo contriv'd that it may be ſcrew'd on towards, or ſcrew'd > 
fromwards the Axis C. When by bringing the Ball to W the Center of 
Gravity. is at. K, the Vibrations of the Beam will be quicker than when 
the Center of Gravity is brought to & by lowering the Ball to w. This may 
he uſed in Praftice for ſome nice Experiments,” becauſe by ſuch a&.Contrivance _ 
the Center of Gravity may be brought as near as you pleaſe to the Center of 
Motions ns nos „„ ; ” | 8 
N. B. That th 


ſuch as the Regulators in ſeveral Water Engines, Beams to blow Bellows, . 

(9. Therefore I-ſhall conſider the Effects of Powers applied obliquely 

to a Mathematical Balance or ſtreight inflexible Line, which will alſo ſolve 

al Caſes of the Leaver, and (with proper Allowances) may be applied to 

| al the: Mechanical inn fo nine odour 6 woof 
Let the Balance AB, 12 Inches long and equally divided by its Cen Pl. 14. F. a. 

ter of Motion C, ſuſtain at its Ends the two equal Weights W, P, which | 

laſt we ſhall confider-as the Power. Whilſt the Power. draws in the Line 

BP, it acts according to its whole -Intenfity -+ , its : Diſtance being then, L. 2, 20 

CB = CA the Diſtance of the Weight, both Diſtances: being meaſured „„ 

upon the Beam: But if the Power be removed to P, and (its String .BxP 

running over the Pulley x) it draws obliquely in the Line B, which makes 

mth the Beam the acute Angle CB F, or (what comes to the ſame) the 

obtuſe Angle CBE (becauſe here we ſuppoſe it as much greater than a 

tight Angle as CB F is leſs, CB F being = Ge) the Force of the Power 

will be diminiſh'd in proportion as CF or Ce the Diftance from the Line of 

Direction of the Power acting obliquely. is leſs than CB the Diſtance of 

the Line of Direction oſ the Power acting directly or at right Angles to 

the Brachium of the Balance CB*. Knowing thereſote the Intenſity of 4 20 

the Power, which acting at right Angles at B (or which hanging freely 

rom B, if an heavy Body, as repreſented here, be the Power) keeps the 

| Oppolite Weight W i» Agquilibrio, one may eaſily find how much the Power 

muſt be enereas'd to keep the ſaid Weight in Aquilibrio when it draws 

. „„ ___ obliquely: 


 Amnotat. ebliqutly i in any known Direction, as for example” i in the Direftion repre: 
Tic |. ILL. ſented in the Figure; or (which is all one) how much the Weight P, 
- whoſe String faſten to B runs over the Pulley x, muſt be greater than 
che. W "IgE 7 P which hangs freely to have the ſame Effect. With the Di. 
or C draw the Arc 2 fe which cuts 15 B at Pol rs 4s wil 


| 5 1 hare «he ub 14 this 8 8 


4. 6. Len h 0 f upon the Beam, whoſe Fn 5 4, 8 8 nebel! CE 
I to CB the whole Brachium of the Beam, bere 6 uche The 
48) 0 is he Intenſity of the Power, or the Wet B55 P here {a af d. 49. Pound : ; 
To the new Power, or Weight P', 50 Pounds. 


5 | Hence it appears that the Weight B this found; would W the coun- 

terpoiſing Weight W in Aguilibrio by hanging freely at the Point f, us 

well as it does it by drawing obliquely over the Pulley &; becaule the 

Momentum of W (or Wx AC) bein ng did by C/, will give the,Quan- 

tity of the Weight P; or, in other Words, there will be a reciprocal Pro- 

portion between the 'W cights Wand p, and their Diſtances CA and 

*13  COf*.- Therefore Cf = DO F the Piftance of the Line of Direction 

and L. 1 from the Center of Motion {always found by the Length of . a Perpendicy- 

12, 13, and py from that Center to the ſaid Line of Direction) may in all ſuch Calc 
* IE? __ wv * Diftance of the Power. See Ns; 20... 


3 ft age Way. _ 
bn the Point x taken in the Ci ee ol kit PTY over 

which the String BP runs, draw x E parallel to the Balance A B, which 

will cut the perpendicular Line of Direction of the Power (or freely hang- , 

| Weight) * at right Angles at D, D being = DE, and the 5 : 

«BD DBI by Suppoſition. In the 5 * riavgle B Dx, 25 

much as the l B is longer than the Perpendicular B D, %o 

much muſt the Quantity or Intenſity of the Weight P Gabich hanging free- ; 
N - - Win #qmilibrio be increas d when it draws obliquely in the Line ſ 
W 1 that is, ſo much muſt P be greater than P to keep W in Aquili- 


S8 2 28 


4 | * % ven On obliquely. The fame would be true if x was remov'd to E; ? 
= * Aud therefore this will always be the Rule to eſtimate the 1 orce of Pome : 
| ug obliquely. e f "Ya e Wil 7 


- 4 the Sine of the Andi of Traffion, viz. the Hug which the Lin Ig Dine t 
tion of the Power makes with the Beam OW: 
II 10 the. Radius:: 


80 is the. Intenſity: of 1176 Power Sam" at ri right 2520 with the Bun 
To the de wo the Power drawing e ? g | 


; V. B. The Angle of Traction here is 0 Bx or -c B E. abo common 
e Nr N 3 P F. 5 FOR 


. 


That this Method will an 1550 the fine POOR as 5 8 Ne 4 
my be ſeen by comparing together the two Triangles B. D and CBF; Led. HL. 
vr ſince CF is a right Ang 178. Suppoſition, 2 CBx = BxD be- WV 
uſe of the Parallels © B and x BCF muſt be equal to B D and 
172 5 5 ” NE, be r . that C F (48) : CB. - 

© * (IF 

(pia might 416 be ade a third Way, by refine the 1 4 which. 
traws obliquely in the Line Dx, into the Forces, the one drawing along the 
Leaver in the Line BC, and the ocher in the Line B D, after. Sir Iſaac 
Newton's: Marmer *; but we ſhall-confider it in the Caſe. of Truſion or 35 86. 
phiog obliquely againſt ay Point of the Beam, which 1 i 1 0 Jour 4 as. 
draw ing the contrary W | | 

All help n mill appear. to see in the eiern 


RE . 71 he Fig. . 


The Bilanee or Lever A B, 12 fake: 1 is ee upon the 
Center C of the Stand 8, which has a long Piece ſo propp'd at 8 an to: 
main in an horizontal Poſition, ſo as to carry, the Pulleys « and E, each 
Inches diſtant. from the Point D which is placed erpendicylarly under K. 
when the Power P of four Ounces equal to W $ freely, it keeps W 
is Eguilibrio; but if the String PX be thrown. over the Pulley » or E, 
| then will the ſaid Pomer P be overpois'd. b ef W:cill it be changed for P or 
: Five-ounce Weight, which drawing obliquely over & or E will keep W 
iv ZEquilibrio. Now one may obſerve, we, when P deſcends one Inch, or. 
om P to- r, it brings down the End of the Beam B only to the Point: 
in the horizontal. Line Fe, which raiſes the oppoſite End A to 4 
s high above the Line AB; but when * omer at P deſcends. one q 
Inch, namely to 9, it brings down. the End B in the. horizontal Line 
| bg, and conſequently raiſes the oppoſite Fnd A Af much higher, ſo as to 
zve more Velocity to the Weight W bringing it to w inſtead of w. Now _. 
ince the Powers P and P with the fame Velocity (or deſcending equally): _ 
zre W different Degrees of Velocity, their Intenſities muſt . be different 
in that Proportion, becauſe Cauſes are always proportianable to 1 Efes, 
therefore P muſt be greater than P as much as the Arcs A and Bz are 
greater than Aa and B 5, or rather as much as the Sine « o is greater than 
4. This alſo appears by obſerving (fince BY = 8 (= and By). thas: 
tie Strings BP, B P, and g x Pq are all equal. 

N. B. This is ' friftly true only in the Beginning of the Motion of the Baan; 

but: that is ſufficient for our Purpoſe. 

The very Sight of the Machine makes. it plain that a Power afting at: 
ght 4 is the moſt effectual. For as in removing the Power from: 
the Perpendicular it draws more weakly at E, and at x it only pulls the 
dn LE Direckion Bu ſo as £0. do. nor dg raiſing A the 
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End of the Beam; and going the contrary: Way, che Power wen- 


7 5 
5 4%, * 1 
Fo 
* we 
, * 
gh gran; #. 


. 
Annotat. op 


” 4 7 
* $ % . 
SF > 4 


V in the Direction BC, becauſe. then it only acts againſt the Center C no Wa . 


# 


moving the End A: Therefore a mean Situation of the Line of Direction 


that is in the Line BP perpendicular to the Beam. 


or modern Sam pſons are perform'd;, the Machines on which they fit or tand 
being ſo contriv'd 


'PL 14, F:6. 


Pl. 4. F. 7. 


: BI (Fig. 7.) 
Pl. 14. F. 6. The firſt Caſe 
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142. 


the Line of Direction if the Body had hung freely from K; therefore 
Cr is the acting Diſtance of the Weight inſtead of CM, when the acting 


Diſtance of the Power is become LC; and conſequently the Weight has 


more Force, and can only be balanced by a greater Power as P. For 
wheteas CL : CM :: F (or G): R, nowCL :Cr:: F (or G . P, 
SLOT” 7 5 „„ | rom 


8 TY (=? EY —_— AD Is 


J its. ad to -. << JM _—_— 4 


5 of Scales, was inclin'd in the Poſition ACE; 1 Man in the Scale ſuſ- y 


zontal Line going through the Center, as at EM (Fig. 7.) and moſt, Pl. 14. F. i. 


From what has been ſaid, and a Vie! 


der the Faggot, it will be the Caſe of the inclin d Leaver AK (Fg. 7.) Pl. 14. F. 3. 
and the Burthen will grow lighter as it riſes. But if the Fork had been 
thruſt through the Binding above the Faggot, it would be the Caſe of 
the inclin'd Leaver AE (Fig. 6.) at whoſe End the Burthen becomes pl. 14 F. 6. 
heavier as it is rais'd up; and then if the Man was juſt able to begin to 55 
lift it, he muſt let it go back again, or find a new Fulcrum as C in or- 
der to raiſe that Weight. Suppoſe again, that the Beam of a large Pair 


pended at H may, by thruſting up his Hand hard againſt the Beam, 
put himſelf in the Condition of the heavy Body H E, and conſequently 
appear to weigh leſs than his true Weight, being counterpois'd by ſuch 
a Weight as 8. But if the Scale which he gets into be rais'd up, its 
Point of Suſpenſion being at K in the Poſition of the Leaver DC K; the 
Man by thruſting hard againſt the Beam above his Head, may throw his 
Body into a Poſition perpendicular to the Leaver, and together with the 
Sale be in the Condition of the Body K G; fo that if there is more 
Weight in the oppoſite Scale, the Weight need not be leſſen d till its In- b © 
tenſity be equal to that of the Man's Weight, but it will begin to be 
lifted up whilſt it is {till greater; ſo that in ſuch a Caſe, a Man's Weight 
will appear greater than it is, by as much as the Counterpoiſe P is 
greater than R. juſt the Reverſe would happen, if a Man was to fit upon 
the Beam; for then he would weigh leaſt, when rais d above the hori- 
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when below the faid Line, as at FK. 
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Annotat. Now tho' the Action of heavy Bodies on one another may thus in the 
Lett. IL. Balance and Leaver and ſome. other of the Mechanical Organs be eſtima- 
ted by the Diſtance of their Line of Direction from the Center of Mo- 
tion; yet this is only ſo far true, as the perpendicular Aſcent and Deſcent 

is agreeable to that Diſtance; for there are Caſes eſpecially in the work. 

ing of compound Engines, where the Diſtance of the Line of Direction of 

a riſing or falling Body from the Center of Motion is not proportionable 

to the perpendicular Aſcent or Deſcent of the ſaid Body. Therefore the 
Velocity of a Power, when it is an heavy Body, muſt be conſider d in the 

| ſame manner as that of a Weight; as has been fully explain'd in the 8th 
L. z. Ann. 8 Note of the ſecond Lecture“; and may be further prov'd by the fol- 


= * 


lowing 
EXPERIMENT. 
FIAF. ACBEKD* is a Balance in the Form of a Parallelogram paſſin 


through a Slit in the upright Piece N O ſtanding on the Pedeſtal M, ſo 
as to be moveable upon the Center- Pins C and K. To the upright Pie. 


ces AD and BE of this Balance are fix'd at right Angles the horizon- 


tal Pieces FG and HI. That the equal Weights P, W, muſt keep each 
other in Aquilibrio is evident; but it does not at firſt appear ſo plainly, 
that if W be removed to V, being ſuſpended at 6, yet it ſhall keep P in 


continu'd; or if, W hanging at any of thoſe Points, P be ſueceſſiely 


moy'd to D or any of the Points of Suſpenſion on the Croſs-Piece FG, 
P will at any of thoſe Places make an Æguilibrium with W. Now, when 
the Weights are at P and V, if the leaſt Weight that is capable to Over - 
come the Friction at the Points of Suſpenſion C and K be added to V as 
u., ho, Weight V will overpower, and that as much at V as if it was 

From what we have ſaid above, the Reaſon of this Experiment will be 
very plain. As the Lines AC and KJ), CB and K E always continue 


of the ſame; Length in any Poſition of the Machine, the Pieces A D and 


BE will always continue parallel to one another and perpendicular to the 
Horizon, however the whole Machine turns upon the Points C and K; 
as appears by bringing the Balance to any other Pofition as abed: and 


therefore as the Weights applied to any Part of the Pieces FG and HI 


can only bring down the Pieces AD and BE perpendicularly in the ſame 
manner as if they were applied to the Hooks D and E or to X and 1 
the Centers of Gravity of A D and BE, the Force of. the Wo 

(if their Quantity of Matter is equal) will be equal; becauſe their Velo- 
Cities will be their perpendicular Aſcent or LVeſcent, which will always be 
as the equal Lines 5 and 5 y, whatever Part of the Pieces FG and HI 
the Weights are applied to. But if to the Weight at V be $6490 
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little Weight 4, thoſe t two Weights will over} wer, becauſe in this Cat An! 
the Momentum is made up of the Sum of and u ard by tt Lett. III. 
common Velocity 5 Y. : 
Hence follows, that it is not the Diſtance c 6 multiplied into the Weigh 
V, which makes its en 5 but its pargendiruune Velocity 50 multi- 
plied into its Maſs . ©, E. D. * 43. 

This is {till further Pvt by taking out the Pin at K; for: then the 
Weight P will overbalance the other Weight at V, becauſe then their 
perpendicular Aſcent or Deſcent will not be equal. 

o conclude all that relates to Forces applied in different DireRticns- 

to Leavers and Balances, I ſhall explain the Action of oblique Forces by 
the Compoſition and Reſolution of Motion after Sir 1/aac Newton's Manner; 
applying the Solution to a Propoſition on the Balance, which has not 
been taken notice of by mechanical Writers tho' often talk d of . handi- 
craft Workmen. 


* * 


1 HEORE NI. Fig. ea at a0 e Pl. 14. F. 10. 


A B is 4 Balance, on — is . 70 _ at one E ad: B the Seal 
E with a Man in it, who is counterpois'd by the Weight W hanging at A 
the other End of the "Balance... I fay, that if ſuch a Man, with à Game or 

any rigid fireight Body, "puſhes upwards againſi the Beam any where betwten 
the Points C and B (provided he does not puſh directly againſt B) be will 
thereby make himſelf heavier or  overpoiſe the Weight W, . the Stop GG 
| binders the Scale E from being thruſ®s out fromwards C towards GG. 1 
ſay likewiſe, that if the Scale and Man ſhould hang from D,"the Man by 
puſhing upwards againſs B or any where between B pF; D (provided he does 
not puſh directly againſt D) will make | himſelf lighter or be overpois'd by the 
* W, luz did Are only: cnunrefgoiſe whe I, eight of 65 Boay: and the 
cal. 

I the common Ce of Gravity of the Scale E and the AMacnfrpmortl 
to ſtand in it be at 4, and the Man by thruſting againſt any part of the 
Beam cauſe the Scale to move outwards ſo as to carry the faid common 
Center of Gravity to ; then inſtead of BE, LI will become the Line 
of Direction of the compound Weight, whoſe Addion will be increas'd in 
the Ratio of LC to BC. This is what has been explain'd by ſeveral 
Writers of Mechanicks ; but no one, that I know of, has conſiderd the 
Caſe when the Scale is kept from flying out, as here by the Poſt GG, 
which keeps it in its Place, as if the Strings of the Scale were become in- 
flexible. Now, to explain this Caſe, let us ſuppoſe the Length B D of 
half of the Brachium BC to be equal to three Feet, the Line B E to 
four Feet, and the Line E D (of five Feet) to be the Direction in which the 
Man puſhes, DF and FE to be reſpectively equal and parallel to B E and 
BD, and the whole or abſolute Force with which the Man puſhes, equal 
to (or able to raiſe) 10 Stone, Let the oblique Force ED 2 10 * 


2 


A Courſe of Experimental Philoſophy. 
Annotat be reſolv'd in:o the two EF and E B (or its equal FD) whoſe Directions 
Lett. III. are at right Angles to each other, and whoſe reſpective Quantities (or In. 
N tenfities) are as 6 and 8, becauſe EF and BE are in that Proportion to 
each other and to ED. Now ſince EF is parallel to B DC A the Beam, 
that Force does no way affect the Beam to move it upwards ; and there. 
fore there is only the Force repreſented by F D, or 8 Stone to puſh the 
Beam upwards at D. For the ſame reaſon, and becauſe Action and Re- 
ation are equal, the Scale will be puſh'd down at E with the Force of 
8 Stone alſo. Now, fince the Force at E pulls the Beam perpendicularly 
downwards from the Point B diſtant from C the whole Length of the Bra- 
chium BC, its Action downwards will not be diminiſh'd, but may be ex- 
preſs'd by 8 x BC: Whereas the Action upwards againſt D will be half 

lot, by reaſon of the di miniſnd Diſtance from the Center, and is only to 
be expreſs'd by 8 , and when the Action upwards to raiſe the Beam 


is ſabtrafted from the Action downwards to depreſs it, there will ſtill re- 
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main 4 Stone to puſh down the Scale; becauſe 8 x BC — PISS. i 


| | | =. | 
4 BC. Conſequently a Weight of 4 Stone muſt be added at the End A 
to reſtore the Æzguilibrium. Therefore a Man, &c. puſhing upwards under 
the Beam between B and D, becomes heavier. O. E. DO. Fn 
On the contrary, if the Scale ſhould hang at F from the Point D only 
three Feet from the Center of Motion C, and a Poſt g g hinders the Scale 
from being puſh'd inwards towards C; then if a Man in this Scale F 
| "puſhes obliquely againſt B with the abſolute Force abovemention'd ; the 
whole Force, for the Reaſons before given (in reſolving the oblique Force 
into two others acting in Lines perpendicular to each other) will be redu- 
= N | ced to 8 Stone, which puſhes the Beam directly upwards at B, while the 
—_ . fame Force of 8 Stone draws it directly down at D towards F. But as 
= CD is only equal to half of CB, the Force at D compar'd with that at 
BY B loſes half its Action, and therefore can only take off the Force of 

FAY Stone from the Puſh upwards at B ; and conſequently the Weight W at 
8 will preponderate, unleſs an additional Weight of 4 Stone be hang'd at B. 
Therefore a Man, &c. puſhing upwards under the Beam between B and D 

becomes lighter. Which was alſo to be demonſtrated. Wo 


LEM Scholium J. 2 
| Hence, knowing the abſolute Force of the Man that puſhes upwards 
(that is, the whole oblique Force) the Place of the Point of Truſion D, 
A | and the Angle made by the Direction of the Force with the Beam at the 
=_ ; aid Point, we may have a general Rule to know what Force is added to 
1 the End of the Beam B in any Inclination of the Direction of the Force 


erima _— 
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Firſt find the dees e Force by the ibis e "wich _ 
Demonſtration is known to uk that underſtand the ae een of e 


Forces. 


As the Radius: 

To the right Sine of the Angle + Indlifation of the Force zo the Baum: 
So is the oblique Force: 

To the prependicular Force. Lr: 


Then the Perpendicular Force el into the 14 of the Bri 
chium BC, minus the ſaid Force multiplied into the Diſtance DC, will 
give the Value of the additional Force at B, or of the Weight requir'd to 
reſtore the Æguilibrium at A. 

Or to expreſs it in the Algebraical Way. Let of expreſs the n PS | —_— 
Force, pf the Perpendicular Force, and x the Force requir'd, or Value 5X {on 
4 the additional Nee ber at 'A to reſtore the N it; : - a 


4 ” 9% 


The me Rule will . for the koond Caſe, if the Quantity found 
be made negative, and the additional Weight 1 at B. Or having 
found the Value of the Perpendicular Force, the Equation will ſtand thus: 


—pf x BO =» pF Xx DC=— x; and conſequently the additional 
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| Scholium 2. VF 


W it e allo, his if, in the firft Caſe, the Point of 4 on "8 Er | 1 
taken at C, the Force at B (or Force whoſe Value is requir d) will be the —_ 
whole Perpendicular Force; becauſe C D is equal to nothing: And if the 
Point D be taken beyond C towards A; the Perpendicular Force puſh- 
ing upwards at that Point, multiplied int into D C muſt be added to the ſame be. 5 
Force multiplied into BC, that is FX BC} pf% DC =#% © Fae 
The Machine I made uſe of to 11 this experimentally, was as follows Th | q 
(Fig 11.) The Braſs Balance A B is 12 Inches long, moveable upon _ 14 
Center C, with a Perpendicular Piece B& hanging at the End B and m | 
mable about a Pin at B, and ſtopp'd at its lower End & (by the ke 
Plate GG) from being thruſt out of the Perpendicular. by. the puſhing „„ —_ 
Pipe FE, whole lower Point being put into a little Hole at H, the up- | | 
per Wire or Tom (when put? into another little Hole under the Beam at | | | 


D) is. 
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Annotat. D) is by means of the Worm-Spring E F preſſing againſt the Plug E to 


Wett. III. 


drive forward the ſaid Wire h D, made to puſh the Beam upwards with 
the Force of the Spring EF. TSS is a Stand to which is fix d the Pillar TC 


which ſuſtains the Balance; and it has alſo a Slit SS to receive a Shank 


There is another way of 


of the moveable Plate GG, to be fix d in any Part of the Slit by a Screy 
underneath. | - = a” PS IN] 


_. ,-Bxr2&1MBNT-.. Pd, 14. Fig. 11. 


Hang on Bb as in the Figure. Then let EF be ſo applied to the 
Hole H, that its upper Wire + D may go through a little Loop at D, 


ſo as not to thruſt the Beam upwards, but be in the ſame Poſition as if 


it did, that by hanging on the Weight W the Brachium BC with BY and 
FE may be counterpois'd, that the Action 3 D and H may be eſti- 
mated without the Weight of the puſhing Pipe. 9 5 . 
Then drawing down the End of the Wire & thruſt it into the little 
Hole under D, and B will be ſo pull'd downwards as to require the ad- 


ditional Weight P of 4 Ounces to be hung on at A, to reftore the Æguil. 


brium: When BH is 4 Inches; BD 3; Inches, and the whole Force of 
the Spring equal to 10 Ounces. VF | 

I need not here ſay, that for explaining the ſecond Caſe, B 5 is to be 
ſuſpended at D, with the Plate GG fix'd to ſtopMt at the Place M to 


keep it from being puſh'd towards T, and that the upper End of GFEDt 


muſt puſh into an Hole made under B, in which Caſe the Weight f 
muſt be hang' d at B to reſtore the Æguilibriuum. 


N. B. To ſhew experimentally that the Force which the Spring ex- 


erts in this oblique Truſion is equal to 10 Ounces : Tale the Beam AB, 
Which weighs 4 Ounces, from its Pedeſtal CT, and having ſuſpended at 


each End A and B 3 Ounces, ſupport it under its Center of Gravity by 
the puſhing Pipe E F ſet upright under it, and you will find that the 
Beam with the two Weights will thruſt in the Wire K K as far as , the 


Place which the oblique Truſion drives it to. 


6. L29.— In all theſe 17 the Leaver is fill ſaid to be of the firſt Kind] 
diſtinguiſhing the Leavers according to Ariſut 


and the Mechanical Writers among the Ancients; and that is as the 
Weight does, or does not, riſe in the fame Direction as the Power. As 


for example, in the Leaver of the firſt Kind; as it has the Fulcrum (Cen- 


ter of Motion, or Hypomochlion) between the Power and the Weight, the 


Power muſt move downwards whilſt the Weight moves upwards ; and that 


Leaver is by thoſe Authors call'd the Heterodromous Leaver; that is 
wor king or moving different Ways. But the Ieaver of the ſecond, and hike- 


wiſe the Leaver of the third Kind, are both: call'd Homodromous Leavers, 
becauſe the Power and Weight being on the ſame fide of the Ten, 
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ion or propping Point, they both go the fame Way, tho' in the one the Annotat. 
Power always gains, and in the other always loſes. _ - Le& III. 
If we examine ſuch Inſtruments as we have in common Uſe, we may NV 
plainly ſee that they are Leavers of one of the three. Kinds. As for ex- 6 x 
zmple, a Pair of Pincers * is- made up of two Leavers of the firſt Kind, *PL14.F.r2.. 
whoſe common Center of Motion is at the Rivet C, the Power being ap- - 
plied at the Handles B to preſs them together, and thereby pinch the 
Body D as a Weight at the oppolite Ends A a; in which Cale the Power 
| atts fix times more ſtrongly than if applied directly to the Body D at 
A, ; fince in the two Leavers AB and 46 the Diſtance of the Power 
BC and bC is triple the Diftance of the Weight CA and Ca. So is a 
Pair of Sciſſors + made up of two ſuch Leavers, whoſe common Center off Pl. 14. F. 13. 
Motion is C, the Power being applied at B, and the Body to be cut as 
à Weight at D; where it is evident that the nearer D is to the Points 
Aa, the greater will be the Difficulty in cutting it; and the leſs, the near- 
er it is brought to C. The Force of a Leaver in this Way is remark- 
able in the Braſier's or Tin-man's Sheers , whereby one Man preſſing up- * Pl. 14. F. 14. 


on the Handle B raifing the lower Sheer AC, moveable about the Cen- 

ter C, is able to cut a Plate of Braſs or Copper D a quarter of an Inch 
thick, the other Sheer a CE being riveted to a couple of ſtrong Standards 
fix d into the Block F. Nippers, Forceps, Snuffers and other ſuch In- 
ſtruments may in the ſame manner be found to be Leavers of the firſt 
Kind. The little Cart or Carr BCA very uſeful in Building, is alſo * pl. 14. F. 15. 
a Leaver of the firſt Kind: It is made to lift great Stones and carry them 
to the Builders; upon the farther End of whoſe Plank or Bottom A 

the Stone D being laid, and with a little Pains mov'd towards C by wrig- 

ling the Plank; the Force of one Man by taking hold of the long Handle: 

* B, and weighing it down as it turns about the Axle-tree of the Wheels 
| EF as the Fulcrum, will be able to raiſe that Stone; and being rais'd, by. | 
Help of the Wheels, be able to convey it to the intended Place. > _ 

The cutting Knife * us'd by Druggiſts and Patten-makers, to cut Drugs, * Pl.14 F. 16, 
or the Wood they uſe, is moveable on the Joynt or Center of Motion C,, | 
whereby. it is faſten'd to the Plank CE; the Power is applied at the 
Handle B, and the Weight is D the Wood or Lrug to be cut: This 
ſhews the Inſtrument to be a Leaver of the ſecond Kind . So is a Door, f 30 
whoſe Hinges are the Center or Axis of Motion, the Hand or Power be- 
ing applied at the Part towards the Lock, whilit the Body of the Door 
is the Weight. A Pair of Bellows are two Leavers of the ſecond K ind, 
whoſe common Center of Motion is at the End of the Boards where the 
Noſe begins, the Power being applied at the Handles, whilſt the Air to 
be preſs d out between the Boards, by its Reſiſtance acts againſt the mid- 
dle of the Boards as a Weight. Thus one may eafily perceive. that the 
Latch of a Door; when drawn up by a String, is a Leaver of the ſecond: 

Kind; as are alſo jointed-Nut-crackers, Horſc-barnacles, Fc. The Oars 
oi a Boat or Galley and the Rudder are alſo Leavers of the ſecond Kind, 
tho* 4riftotle- ſupꝑos d them Leayers of the firſt; but the Erroc _— 
| OE ” os . „„ this, 
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Annotat. this, that he conſider'd the Water as the Weight to be mov'd 5 whereas 
Lett. III. the Boat or Galley is the Weight to be mov'd. For the Water makes 
CY YVY Reſiftance at C* as a Fulcrum, the Man or Power acting at B, whilſt the 
1 1 F. Veſſel FD is mov'd by that Part of the Leaver which preſſes on it at 
77 and 15. the Point D, as the Oar in Hg. 17. and the Rudder in Fig. 18. But Ari. 
1 Hotle, in his Mechanics, rightly reckons the Maſts of Ships among Leaverz 
of the ſecond K ind, aſſigning the Fulcrum or Hypomochlion to be in the 

4 Pl. 15. F. 1. bottom of the Ship B conſidering the Ship it {elf as the Weight or Bur- 
then, reſting with its upper Deck C upon the Maſt, as upon a Leaver, and 

ſo to be moy'd forwards. Laſtly he affirms, the moving Force to be the Wind 

gather'd in the Sail, which, by the Help of the Sail-yard, is applied to 

A; and then he gives a Reaſon from the Principles hitherto delivered, 

why, the higher the Yard DAE is, ſo much the ſwifter the Ship will 

be carried with the ſame Wind and Sail; wiz. becauſe the farther the 

Fulcrum is from the moving Force (all other Things being at the ſame 

time conſider d) ſo much the eaſier will the ſame Power or Force more 

the Weight. OTTER oe ne 

The ſame Inſtrument, according to its different Application may be a 

1 Leayer of the firſt or ſecond Kind: As for example, when a Man who has 
l. 14 F. 15. carried a Stone upon the Carr * goes to deliver it at the Place intended ſo 
as to lay it upon its Side E, he lets the End of the Plank reſt upon the 
Ground at E, and lifting up the End B turns the Stone over; which 
Operation changes the Leaver from one of the firſt Kind into one of the 
ſecond, where E is the Fulcrum, B the Power, and the Weight is at A. 
Pl. 15. F. 2. The Sheep - ſheers of are two Leavers of the third Kind; the common 
Center of Motion being at the ſpringing Bow at C, whilſt the Power or 
Hand is applied at Pp, and the Wool to be cut is the Weight at W. 

—_ - Thus are the two Legs of a Pair of Tongs viſibly JLeavers of the third 
—_ Kind. A Ladder or a Pole to be rear'd againſt a Wall are alſo Leavers 
ws BE ß of the third Kind. But the Uſe of Leavers of the third Kind is moſt 
i beautifully ſhewn in the animal Body, where the All-wiſe Creator has ſup- 
plied Animals with a Means to move the Limbs with great Velocity by ap- 
plying the Power of the Muſcles very near the Center of Motion; but at 

the ſame time giving the Muſcles ſuch very great Force as to | perform 
their Office very ſuddenly, raiſing the Limbs even when great Weights 
hang at their Extremities ; as for example, when we lift Weights with 

our Hands or Feet, or when we hold or break hard Bodies with our 
"Teeth. There is ſcarce a Bone in the Animal Body but what is a Leaver 

of the third Kind. It is a delightful and curious Contemplation to con- 
ſider what Proportion is obſerv'd in the Animal Body as an Engine, from 
which Art only copies faintly : There we may ſee various Applications of 
Powers, and how they help each other in moving the Limbs, ſometimes 
Acting jointly at the ſame time, ſometimes ſucceeding one another to change 
Directions, and ſometimes acting againſt each other to ſtop and check Mo- 
tion; at other times drawing over Pulleys to alter the Angle of Traction 
as need requires. But this Subject is ſo copious that we can only give 
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cc _ . of ebe Limb ſuſpenuad by it, but never le. Plate ek 5. F. 3, 

2 T P 
4 All- wiſe Nature has ſo contriv'd the Shape of Animals made up of 

« ſeveral Organs join'd together, as to enabſe them to move from one 

&« Place to another, and perform the ſeveral Operations ho, yt for the 

« Preſervation of Life. But this could not be done by piving an Animal 
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« an orbieular Shape like a Ball, bur it was proper that he Thould be 
e made up of ſeveral Articulations, ſuch as Hands and Feet, to walk „„ 
e About and handle Objects. But theſe Limbs could not move about. 1 
et Joints, unleſt they were drawn by muſcular Cords, and thoſe Cords were 
« contracted by a moving Force. We are going to thew, that that moving. 
« Force or Power muſt not be leſs, but neceffarily greater than the Weight 
« and Reſiſtance of the Limbs ſuſpended. Let us conſider any Limb, 
« fyx example the whole Arm; it is plain that it was necefſary for it to 
ct move round every way about the Joynt of the Shoulder, that it might 
e be able to draw, ſuſpend, and impell the Reſiſtances as well of the 
© Weight of the Arm as of external Bodies to be haridled : Such Opera- 
te tjons require a proper 2 and apt Inflrumencs, and all fit 
ted for that Purpoſe. The Shape without doubt muſt be long like a 
@ Leaver moveable about a Center, or the fix d Point of firm Fulerum of 
© the Shoulder. Then in the Leaver muſt be conſider'd the Potions in 
% which the moving Power and the Refiſtance ate applied. The moving. 
„power acks N the muſcular Cords, which can only be fa- 
te ſten'd near the Center of Motion of the Leaver, as has been ſaid be- 
fore *, hilſt che Reſiſtance is applied at its utmoſt Length or ES | 


I Our Authir in bis 20th Propgftion has in» * ticulation,as the two Dene, of the Am; and 
genioufly ſhown that the Tendons to move the let the Muſcle D E be faſten'd to & the d 
Bones could not conveniently be faſten d nur * End of th: Shomlder at G, ant let its Bud be 
the End of the Bone (at a great Diſtance from joined to E the Bu of thi lower Bone of the 
the Center of Motion as we endcavonr to di in Arm or Cubit AB, which End muſt" be 
mechanical Engines) but near the Articulation * drawn round the Center of the Articulation 

r Joynt, Theſe are bis Words: C, deſcyibing the Are BH; I ſay, that Na- 
*Pl.15-F.3. * Let there be to Bones * AB ture neither could, nor ought t5 faſten ihe 

d GF jon d and artitula- temlinous End E nar the LB of the Bon: 
ted at AF, namely in ſuch manner that AB AB. Por * could be, les us ſuspoſe tht 
* may be drawn round C the Center of the Ar- Connection E to be made near B the 71 
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fe of Experimental Philoſophy. 


Annotat. End; therefore the Power: will always be 10. the Reſiſtance :: as the 
Let. III.“ greater Diſtance of the Reſiſtance: to the lefſer Diſtance of the Power 

from the ſame_fix'd Point; conſequently the moving Power is greater 
than the Reſiſtance. NR Wan 1112 ME Ent 
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„ PRO PY OSILTION XXII. 


„ The firſt. Enquiry of the abſolute apparent Force, which can be' exert. 

. ed by the two Muſcles, the Biceps and Brachieus, bending the Cubit (or 

te lower Bone of the Arm) when the whole Arm is in a 5 ow and hori. 

& ⁊ontal Situation; which is greater than twenty times the Weight that is 

wo 4 Hain d by them, and exceeds the Force of 560 Pound Weight. | Plate 15. 

1 15. F. l.. 8 e 2 E 

1 Lc: the Humerus E A, and the Cubit and Hand AB, be almoſt in 

. 4 a right and horizontal Line, but ſupine (that is, with the Elbow doyn- 

A « wards) and let the Cord GB fold about the Ends of the Fingers of the 
Fi « expanded Hand G, to which Cord at G hangs the Weight R, which 

© muſt be encreas'd by degrees, till the Exceſs of the moving Power of 

“ the Muſcles DC becomes wholly inſenſible, and they can ſuſtain no 

« more Weight than R, but be juſt able to.hold it with a Force brought 

„ to be equal; then we may judge that the Momenta of the Powers of 
: „ the Muſcle, and of the Weight, are wholly equal, neither of thoſe 


3 


and then the Tendon, and th: Muſcle DE is * which requires fo prodigions a Contraftion 
eit her looſe and may be ſeparated from the (namely of above a Foot and a half) would 
Ti i and the Bones DAB; or it is bound © be altogether impoſſible. But the Abſurdity 
* down to it by ſome Ligament or Faſciaas R; * of fuch a Poſition will moſt evidently appear, 
i the 2 the e eee will be as fol- * if we ſuppoſe th: Bone AB to be the Hu- 
© lows: Becauſe the Bonz A B cannot be turn'd © merus (or upper Bone) of the left Arm, which 
up towards F G quite to the Situation A H, is to be mov'd every Way.round the Foynt of 
unleſs it be drawn by th: Contract ion of the muſ- * the Shoulder ſupposd at D; that it may be 
cular Cord DE, in which Caſe its Length * brought to the Breaſt, it is plain that it 
D E, in order to be ſhortend to DM, muſt © muſt be drawn by the Muſcle ED fx d to 
* become leſs than the eighth Part of DE, D the right Side of the Breaſt; another 
* which ſhortening in the Arm will be of ahove * Muſcle to raiſe it up muſt be fix'd on the 
* a Foot and an half; this will not only be top of the Head, and the Muſcle to bring it 
* troubleſome, but even impoſſible, It would dun muſt haue its Origin in the lower Part 
* be troubleſome, becauſe th: Breadih and of the Belly; which Muſcles, together with 
* Thickntſs of the Arm would be vaſtly encreas'd © thiſe of the right Arm, require @ vaſt 
© to tate in the Dimenſions CM equal to CE; ſwelld Space like a great Tan, and the 
| * fo that the Arm would upon this account on- * ſame would be requir'd for the Muſcles of 
become as big as the Belly of the Animal, the Feet, which would male a Man ſo far 
which monſtrous Thickneſs would hinder the from being well joynted and clcan limb'd ; 
reſt of th: Motions of the Arm and of the * that he would be a ridiculous unmeildy Maſs, 
* Animal ; then. becauſe the Structur- of a £ unfit For Motion and handling of Bodies: 
* Muſcle is ſuch that it can be contrafted but *© Therefore ſuch a Shape was entirely to be . 
a little, ſeldom above two or three 5 1 N „„ „ 


Bread ſuch a fallenimg of the Muſee, 
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Forces 


ce Forces overcoming the other. Now Experience ſhews us, that in a ro- Annotat. 
“ buſt young Man the Weight R does not exceed 26 Pounds, to which Lett. III. 
e muſt be added the whole Weight of the Cubit and the Hand, which wa 
are nearly equal to 4 Pounds, and this Weight acts, not in the End of 
the Leaver as at B, but in the intermediate Place H, namely where 
. © jts Center of Gravity is; therefore if another Weight of 2 Pounds be 
© ſuſpended at B, which has the ſame Proportion to the Weight of the 
whole Cubit as the Diſtance OH to OB, we ſhall have for our Lea- 
ver an indiviſible Line and without Weight, at whoſe End B are ſuſ- 
4 pended two Weights, namely R and the Weight of the Cubit, that is 
4 in all 28 Pounds; and then becauſe the Direction CD of the Tendon 
© of the Muſcle that draws makes a very acute Angle with the Line 
4 CO, becauſe the Tendon of the Muſcle exactly touches the Head of 
4 the Joynt A, we muſt from the fix d Point or Fulerum O draw the 
right Line O I, perpendicular to CI the Direction of the Tendon, and 
e then from the Principles above demonſtrated it will appear, that he 
„Power drawing the Muſcle DC: has the ſame Proportion to the Reſiſ- 
e tance of the Weight R together with the additional Weight above mentio- 
© ned :: as the Diſtance O B : has to the Diſtance 10; but by a ſtrict 
© Examination it appears that OB the Length of the Cubit and Hand 
„ ig more than twenty times greater than the Semidiameter of 10 the 
„ Head of the Bone. Therefore the Strength and Power drawing the 
„ Muſcle DC is above twenty times greater than the Weight R and the 
© additional Weight; and ſince the 2 Weights are equivalent to 28 Pounds, 
* therefore the apparent Force with which the Muſcle draws the Cubit 
© and endeavours to bend the Elbow, is greater than the Force of 560 
4. Pounds, d 7.159 ne : BY ovine agg 
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c 7% find the Force which the ſaid Muſcles exert, when the Humerus or 
4 upper Part of the Arm is perpendicular to the Horizon, and ihe Cubit is 


ec gar % tbe: mri. Plateirs F. Fl. 15. F. 
“ Secondly, Let E A be the Humerus, and AB the Cubit making 
« a right Angle with each other, the Humerus being perpendicular and 
4 the Cubit (till horizontal: In that Poſition the Length of the Lea- 

« yer OB ſtill remains the ſame, and now at its End B is ſaſtain'd the 
« great Weight of 3 ee (as appears by making the 1 by 
the ſame Muſcles DC; but becauſe the Angle 160 made by the Ten- 
© don with the Bone OC is leſs acute than in the foregoing horizontal 

_ © Situation of the fame two Bones, becauſe when the Humeru E A is bent 
4“ towards the Cubit AB, the Tendon. of the Muſcle D C adhering 'to | 
* the Humerus is alſo bent; yet the Angle ICO does not become a right 
one, becauſe the Tendon at I is firmly bound with membranous Faſciæ 
« and the outward Skin, which Ligaments ſerve as a Pulley to keep the 
T4 = X 2 « Tendon 


1 
2 
k 
3 3 
+ + 5 A 
1 14 
14 & 17 
1 
3 4 
Z — £4 
14 
1 
5 4 
£4 * 
4 4 
—7 ., 4 
* „* 
" of By, 
23 Es 
. y 
A 5 
* 
_ 
. 
34 * 
25 
1 
— 
+1 44 
4, 
2 
> 
+44 
38: 1 
fe C 1 
91 5 : 
2: 
} £ 
1 
1.8 
. . 7 
ery 3 
5 js 
wr. 1 
_— 
5 I 
3 } 
| 
% ; 
I ; 
' — 
1 z 
b 
i 
* 4 11 2 
* #4 
— 
d 3 


=. 
"357 
. 
-4 773 + 
. 
; ; 
15 — : 
WET toy +. 
WL 2 y 
Li 10 
3 Jy ] 
. 5 1 
_ © © 260 
FBS [5 4 
_ 
1 F 
, ; 
'-. Ba ; 
5.4 
4 
18 , ! 
* * 5 1 
& oe. : 
. ; 
ST: 1 
= 2 N 
= + | 
9 2 
N. 
1 
= 
4 I 
2 5 
1 a 
4 
4 1 
— 
1 ; 
ELIAS 5 
* * 1 
” 440 . 
i 
. f 
0 > 
1 


156 4 Gun of 3 Pbiloſopb). 


Amotat. Tendon towards A the Angle of the ; bat yet the Tendon IC 


Lett. III. “ is not o cloſely bound down at I but: it riſes little, and there. 


A © fore the right Line O I perpendicular to the Direction of the Tendon 
* CI becomes 1enfibly longer than in the foregoing Caſe, as we ma 


find by feeling our Arm; and therefore the Diſtance OB will r 


less Proportion to TO, than it was found to do in the former $i. 
& tuation; but whatever Proportion the ſaid Diſtances have, the 


© fame reciprocally will the Force contracting the Maſcle DC, and 


c drawing the Bone, have to the Retiſtance of the Weight R and 
© the Weight of the Cubir together: Therefore that Force will bear a 
& jeſs Proportion to this Reſiſtance, than 20 to 1; and if it appear'd by 


< the foregoing Enquiry that the greateſt Force of the Biceps and Bra. 


cc chiens Muſcles was equal'to the Force of 560 Pounds ; it will Vo 
from the preſent Enquiry, in which the great Weight R is of 
« Pounds, and, taking in the Weight of the Sean, equal to 35 Pou 
1 the Diſtance OT is only a 1ixteenth Part of the Diſtance OB, and 
I not, as before, a twentieth Part of it; and therefore that the Diſtance 
«10 being ſenſibly encreas'd, there muſt of — fl be rais'd a 
e greater Weight now, namely 35 Pounds, by thoſe Muſcles 


„ Yet here we muſt take notice, that tho by reaſon of the tg of 


« the Limb E A B the Muſeles are not ſtretched as before, but muſt be 

< in ſome meaſure relax d; yet the moving Force of each Muſcle has 

< a leſs Power of contracting, becauſe really the Muſcles D'C are not 

ee both fix'd to the Top of the Humerus, but the Biceps is faſten'd to the 

« Scapula or Shoulder-bone HLE at 1. but the Bracbieus to the middle 

„ of the Hunerus; and becauſe the Seapula HELL is always in the fame 
and tranſverſe Situation, the Humerus E A revolving about the Center 
«'E of its Articulation, muſt make the Angle LEO with the Scapula 

ce the leſs acute the more the Humerus is bent downwards, and then the 


< Origin of the Biceps Mulcle D is more rais'd and recedes farther from 


„the top of E the Head of the Bone, becauſe the Length of the Line 
„ LD ſubtending the Angle 
. ſaid Muſcle is fo > nov the more ftretch'd as the Hrmerus is bent down- 


© wards : Therefore tho by reafon of the Angle EOB the Brachies 


ee Maſcle be relaxed ; yet the Biceps may be ſo much the more ftretch'd 
«by reaſon of the Bente of _ Point D above the Head of the 
wy aum, 3 


1 Pits 4d of «6 rar %R XXIV. 


— pp br gh fd e een abſolute Forces ofa 1 B. 
22 which is equivalent to 300 Pounds, and of the Brachieus, which 

Pl 15, F. 6. 40 the aorta the ' Force of 260 Pounds. Plate 15. Fig. 6 
e Letithe Humorus OE be bent backward in order to make the Angle 


wall HEOu5enoas may be, and ie ler the Cubit * inflected v 


— 


LEO is encreas'd, and S the fore - 


al Bb 1257 


« as to become par upper Live. of the HI and then Annotat. 
« the ne acute 13 1181 and CID will be equal to one another, Le . 
« and then, as much as the Biceps Muſcle DIC is relax d en account of 
« the Acuteneſs of the concave Angle CO E, juſt! ſo much js it drawn and 
« ftretch'd on account of the [convex Angle 'HD O; therefore-the natural 
« Tenfion of the Biceps Muſcle is in no wiſe! alter d, and remains exactly 
« of the ſame Length as it had in the horizontal Situatian of the whole 
« Arm; and as it fuffers no Relaxation, it will haye the ſame/Forec of 
« contratting itſelf as it exerted the horizontal Peſition. But the Bracbions 
| « Muſcle has not the fame Advantage, its Origin being in the middle of the 
« Humerus at F, and its End or Inſertion at I near the Head of the Cu- 
« kit; and becaule the Angle E OC is acute, therefore the bracbieas Muſ- 
« cle muſt ſalfer the greateſt Relaxation, and therefore ezett-little or no mo- 
« tive Foroe: In this Caſe therefore one may find the moving Force of the 
« Biceps alone; (that is, if the Niſtance O I from the Tendan to the Center 
« of the Head of the 5 be not varied.) Let us ſuppoſe the Weight 
« R ſuſtain'd in that Situation together with the Weight of the Cubit to 12 
equal to 25 Pounds, and becauſe the Diſtance I O is almoſt a twelfth Part 
« of the Radius and the Hand B O, therefore che abſolute Force of the 
© Biceps Muſcle will be twelve times greater than the appended Weight R 
„together with the Weight of the Cubit, that is, it will be equal to the 
1 34 of zoo Pounds, when the Brarbidih exerts no Force by reaſon of © 
great Relaxation; then becauſe-the joint Forces of the two Muſ- 
Meh e Biceps and the Biacbisus, working together in the firſt Experi- 
« ment, were equal to the Force of 360 Pounds; if from that Force we 
© ſubtralt the moving Force of the Bias alone, juſt found to be of 300 
Peunds, the remaining Force of 260 Pounds will be that which was ex- 
© erted wth the Drothiens yen N20 Tg: we Y 122 to be 9 7 7 , 
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* To fue alles nt 155 ſame; eee ka dle Cubit s down- 


s: 2 bt the Humerus 5 is hep! Mey hos ee | nee 25 Pl 15. F. 7. 


00 Now 4 ler . Keds EA, an the Cabit AB row in ene elk Line 

© and perpendicular to the Horizon; then the greateſt Weight to be 
* falpended at B, might be almoſt immenſe, if the Strength and I eppcty 
4 of the Ligaments could always reſiſt and was wholly inſuperable. 

If afterwards the Cabit be a little infleſted, ſo as to make an ende 
© Angle E A B with the Humerus hich is now perpendicular to the Hori- 
on, and an acute Angle B AK, with the horizontal Line OK, then 
indeed may the great Weight R be very much ebereas d, Secauſe ik 
© from B the Line BK be drawn perpendicular to the horizontal Line 
AK, then . K drawing the Leaver AB. -obliquely, * 
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Annotat. “ the ſame manner as if it had been ſuſpended in the Point K of the 
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_ Lect. III.“ Leaver OK; and therefore we have now a new Leaver O K ſhorter 


83. than OB 1 but the Force of the Muſcle raiſing the Leaver-draws from 
„ the Point I having IO for the Diſtance of its Line of Direction; ang 

©. ways the ſame) has the ſame Proportion to the Reſiſtance of the Weigh: 

c R, as K O has to IO; therefore if K O be only the double of 01 


the Weight K which is ſuſtain d in that Poſition will be half of the 


ce whole abſolute moving Force, and therefore equal to 250 Pounds; and 
< if the Diſtance O K be leſs than OI, then alſo will the Weight R be 

cc greater than the moving Force of thoſe Muſcles, © | 
Hence may be gather d, that in the Flexion, or Elevation of the Cy. 
C git, the Effect of tlie ſame Force which draws the Muſcle is continu- 
* ally diminiſh'd; becauſe the Length of the Leaver O K is ſucceſſively 
© encreas d, and therefore the Weight R muſt be decreas'd in the fame 
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+ © Tg find the Force of the ſame Muſcles when the Arm. is plac'd in a ſi 


Pl. 15. F. 8. ce pine horizontal Situation. Plate 15. Fig. 8. 


The Force of the Muſcles bending the Cubit may be exerted in an- 
e other manner, namely when the Cubit A B being in a ſupine horizontal 
& Situation muſt be infleted downwards towards G by the Muſcles DC 

cc which are now below the Cubit 3 for the Cor d ; B L Cz. being | thro WI 

c over the Pulley or Wheel ML moveable about a fix d Axis M, it is 

c evident that whilſt the Hand B deſcends, the Weight R is rais d, AB 

cc being then the Leaver whoſe Fulcrum is O, and the Weight R draus 

< the End B of the Leaver, upwards towards L, and the Power of the 

e Muſcles DC draws down the Leaver AB from I towards D; and 


* 


ea 


therefore thoſe Things which have been ſaid before will alſo be ven. 


te fied here, only with this Difference, that in the former Caſe the End 

cc B was drawn downwards, not only by the. Reſiſtance of the Weight R, 
but alſo the Weight of the whole Cubit and Hand; but on the con- 
ce trary, here the Weight of the Cubit does not act counter to, but helps 

c the Power of the Muſcles to draw; becauſe, that as in this Situation 

„ the Muſcles/ draw down the Cubit, ſo the Cubit alſo acts downwards by 

4 jts Gravity, and theſe two Powers taken together have a Momentum © 

« qual to that of the Weight R; and as in the firſt Caſe the Weight of 

ce the Cubit was added to the Reſiſtance of the heavy Body R, now it 1s 

_ - © added to the Power of the Muſcles ; and becauſe the greateſt Power 


+ By the 22d © of the Muſcles D C was ſhe wn to be equal to the Power of 540 Pounds“, 
Prop. above | © therefore if the Leaver A B was of no Weight, when the Diſtance OB 
cited. ce js found to be twenty times the Diſtance OT, the Weight R ought to 


be of 28 Founds; bur becauſe the 2 Pounds added to. R are in Zu" 
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« [ibrio with the Weight of the Cubit AB (that is, as they render it a Annotat. 
« Leaver without 1 the Weight with its Adjunct making Lett. III. 
« up 30 Pounds will be the greateſt Weight that can be ſuſtain'd by the: 
i Genes %% Srebes ac 

4 This may be ſhewn another Way, becauſe the deſcending Weight of 

« the Cubit being as 2 Pounds hanging at B, is made to act equally with 

« 2 drawing Force of 40 Pounds applied at I (by reaſon of the reciprocal 

twenty fold Proportion) and the proper Force DCI will be of 566 

« pounds; therefore this Force, together with the Momentum of the Cu- „ 
6 bit acting with it, | will produce ; an | Effe& equal to the whole Weight of 7: L . 5 ; 

« 600 Pounds {2g 0 5 bh 21 THU 5 n e CE OY # 10 . Pr N n 
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But what appears moſt Wonderful is the Force of the Muſcles - that 

| more the lower Jaw, which the faid Borel confiders in the 87th and 88th 
Propoſition of the firſt Part of his Book aboyemention'd, where he ſhews 
that thoſe ſmall Muſcles, all which taken together do not in a Man exceed 
the Weight of one Pound, do yet exert a Force equal to 534 Pounds; 
and in Maſtif Dogs, Wolves, Bears and Lions, have a Force vaſtly ſupe- 
rior, to enable them to break large Bones as they do daily in their 


- * 


Feeding. 


7. 35. — And if the Arm CW be ſer ftreigbt in a Line with PC, . 

ke. — the Inſtrument will plainly appear to be a Leaver of the firſt Kind. . 

Tho' the bended Leaver is not an Inſtrument of common Uſe, except in 

the Hammer and Tools of that Kind, yet the Conſideration of it is very 
neceflary in the Explanation of ſeveral Machines that virtually contain ſuch 

I Leaver ; eſpecially in ſtatical Propoſitions, of which we will here give + 
ſme Examples. The Caſes of the Inclin'd Plaue and the Wedge * may 48, 49, % 
be clearly folv'd this Way. As for example, when the Weight P ſuſ- 752 


uns the Weight W- upon the inclin'd Plane A B drawing che Center of | 12> + 


the Weight in the Line M W. parallel to the Plane, one may conſider in 

| the faid Weight the bended Lea ver WIT whoſe longeſt Brachium is WIT 

and the ſhorteſt T2. Now, as the Line of Direction of the Power is 
MW parallel to the Plane, I W* a&ed upon at right Angles muſt be the 
Diſtance of the Power; and as W is the Line of Direction of the Weight, 

1T at right Angles with it muſt be the Diftance of the Weight; conſe- 

quently as T (the ſhort Arm of the bended Leaver) : is to W (its long 

An) :: fo is "the Power P: to the Weight W. Now, as the Triangles 
WII and ABC are ſimilar, the Power thus confider'd': is to the Weight :: 

BC the Height of the Plane: io iis Length AB, which was prov'd in 

is Place L. But if the Power had drawn the Weight in a Line parallel“ 49. 
o the Baſe, of the, Plane, which is the Caſe of the Wedge, its Effect might 
be thus explain'd. As the Power acts obliquely at the End of the Jong. . - 
brachium of the bended Leaver WTI, its ating Diſtante muſt be found 

V drawing from the Center of Motion T, To perpendicular to the Line 
a Direction of the Power, which now muſt be copſider'd as Be ſs 7 
rachium 
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Annotat, Brachium of * Sat whilt „ ſtill is the ſhort. Arm and afted upon 
Fry HI. by. the Weight at right Angles, Therefore the Quantity i: ley: of | 
the Power n will now. be found. by) 995 Analogy, WP Ul 


1 . * 
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1 49, 30 . I confider' 4 1. Fier Plane ak a "eee Organ e, I 0h 
51 52. took notice of two Applications of the Power, the one with its Line of 
Direftion parallel to the Plane, and the other (which reduc'd it to 0 
Wedge) with its Eine of Direction parallel to the Baſe of the Triangle 
Hake f Jag d. to the Plane as much as the Plane is inclin'd to the Hon: 
Sale WB A (calld the Augie . * being equal to the 
ect B A BAC, becauſe Kr the Parallels WB, 2 t as in compound 
| 4 in the Uſe of Carriages, the Angle, of Trattion or . 
tion by the Line of Direction of the Power to -_ Plane is very varia | 
bie, we give this Way of conſidering a bended Leaver in the Body to be 
2 up for the Solution of all Caſes, which will appear by the following 
xample. 
OP DLB be the. Angle of Traction, as when the Power 1 draws over 
the Pulley in the Line „I. WT is a bended Leaver whoſe Center 
of Motion is T the Point a the Ball W touches the Plane, 2 the 
. 75 Arm of the Leaver on whoſe Extremity » may be confider'd the 
Weight as ſupported and preſſin ing. right Angles, becauſe its. Line of Di 
+L4 a  rettion. goes through »*; and W the long Arm of the Leaver to which 
the Power is apply obliquely, But as I z perpendicular to the Line 
of Direction Power is its ating 900 ance, we may conſider T: 
"as the long Arm of the Leave, Tant: Whale Case will be fore 
177 this Aralogy, viz. Ag 


As the long 4 of FR Levon, . r; : 
I to the fhort Arm Tx 1: | 
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des one. may End this laſt bended Nees in any i of the 
Power, thar is, in any 1 1 of Traction, this ent R For all _ 
tions of the. Power, e ce f from * 8 


1. 


| m Angle of Tadten i is re pins ett 61. 4 Lime of Dinimje 
which the Line of | Direttion of the Power rallel to the Top 1 tun be 10 ui ed 
mats be Playe 3 and kat ee We 
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As the Sine of the Angle of Inclination of the Plaus? Loet. III. 
T0 the Sine Complement of the Angle of Traftion :: ::: 6 0 GW 
0 C eight. f 5 A a "1 | 2 thy F 


But to prove how the Rule is deduced from the bended Leaver, we Pl. 10. F. 14. 
muſt ſhew that T, the ſhort Arm of the ſaid Leaver, is always to its 
long Arm z T, as the Sine of Inclination, to the Sine Complement of the 
Angle of Traction; or that CB in the Triangle AB C: is to Lz in 
the Triangle TLZ :: as T: is to T2; and then we ſhall draw ſome 
uſeful Corollaries from our general Rule. " & x72 527 C 1 


* 


Since WI cis perpendicular to AB, and the Angles WZ T and AE 
equal | (becauſe they are vertical Angles, the Triangle A? E (rectangular 
at E) having two Angles equal to two Angles in the Triangle Wy T, 
the third Angle A muſt be equal to the third Angle WIT, conſequently 
the Triangles will be equiangular, and therefore ſimilar (by 4. 6. Eucl.) 
and as 7 E is the Sine of Inclination for the Radius A q (becauſe in its ſi- 
milar BC is the Sine of Inclination for the Radius AB) ſo alſo will  T 
be the Sine of Inclination for the Radius Wg. But as T which is pa- 
rallel to the Horizon falls upon W 4, which being the Line of Direction 
of the Weight, is perpendicular to it, the Triangle WT is ſimilar to 
WqT (by 8. 6. Eucl.) and thus T the ſhort Arm of our bended Leaver- 
becomes the Sine of Inclination for the Radius WTI: bich was one of 
the ie,] ³ ⁵ ny i yoo hh 3 ont 2 got If 
Further, as T z is by Conſtruction perpendicular to LW, the Triangle 
WZ I is ſimilar to LW T (by 8. 6. Eucl.) therefore the Angle 2 TW 
is equal to WL IT the Angle of Traction; ſo that as LI is the Sine 
Complement of the Angle of Traction for the Radius LW, I Z (the long , 
Arm of our bended Leaver) muſt be the Sine Complement of the Angle 
1 Traction for the Radius IW. I hich was the other Thing to be demon- 
rated. 2 111 e 


COROLLARY IL. 


Here follows, that when the Line of Direction is parallel to the Plane, 
the Power is the leaſt that can be for that Inclination of the Plane, be- 
cauſe then the Sine Complement. of the Angle of Traction is changed into 
the Radius or Whole Sine, that is, T Z. becomes TW, or the long Arm 
of the Leaver WT being acted upon at right Angles expreſies the acting 
Diſtance: of the Power; or, ſtrictly ſpeaking, the Angle of Traftion' va- 
nſhes. But if the Power ſhould draw - a up in the Line We, - 15 W 


* muſt be * to the Weight; becauſe chen w T being the Angle of 
Lea. III. Traction, its Sine Complement (4 W being, Radius) would be 1 775 Rich is 
equal to the Sins of Inclination here expreſs'd by the "fard De Hence 

itt is plain, that if an Horſe draws a Burthen up Hill by means of à Cart 
Pl. 10. F. 14. or any rolling Machine, he will draw it with "ig much the more Faſe, a 
the Line of Direction by which he draws the Load comes nearer to a pa- 


=. 4 61 "00, hn 9: 6f the Mountain along which he draws.” 
= COROLLART u. 


"Ie follows alſo, that if the Line of Direction, as BW add 20 W 18 
lel to A B, make the Angle wWW B equal to the Angle w WD, the 
Power applied at B will be equal to the Pewer applied at D; becauſe in 
ſuch a Caſe the Angles of Traction WLB, WBL will be equal, fince by 
29-1. Eucl. the Angle WEL B is equal to its external one DW, which 
is ſuppos'd equal to the Angle w W B, and conſe 1 5 to its alternate 
W BL. Whence it follows; that if the Line of Direction of the Power, 
as W a, and the Line WT. perpendicufar ty A B, make the Angle T Wa 
equal to the Angle of Inelination A (or WI) "the Power applied at 4 

will be equal to he Weight by Cor. f. becauſe then the Angle of Trac- 
tion Wa I. is equal to the Complement of the Page, of Inctimatiory A; 
| _— THOR NO: to Wea ABC. | 


COROLLARY 1. 


„ it follows allo, that if the Line of Diredtion of the Power be 
W at right Avgles to the inclin'd Plane AB, which makes the Angle 
Traction a Night; the Power applied at F or in any part of the Line 
T muſt be :nfinite. That is as much as to ſay, that # Power that ſhould 
draw the Weight D direttly from the Plane, of directly againſt it, would 
not keep it there, ler its Intenſity or Force be ever ſo great, becauſe in 
that Cale: the Sine of the Complement of the Angle of Traction is redu- 
ces to nothing, or A infinitely ſmall, the Power applied at T muſt be 
iaſinitehy great 3 ſince, by what we have ſhewn, that Power :- muſt be to 
the Weight:: as the Gin of the Angle of Tnclination : is to the Sine Com- 
| plement of the Angle of Traction. 
28, 35,45- Before I quit this Subject of Bodies ſupported or drawn on inclin'd 
Planes, I beg leave to apply what has been ſaid in the ſecond Lecture *, 
to ſhew generally why a Body will be ſuſtain'd on an inclin'd Plane by an- 
other Body of leſs Weight (if the former be drawn in a Line of Direc- | 
tion parallel to the Plane and the latter hangs perpendicularly) when the 
Weight of the great Body : is-t0 the Weight" of the Httle one : as the 
Length of the Plane: is to its Height. The whole is deduced Rem this 
Principle laid down and explain'd in the ſecond Lecture, viz. That if the 
Genter of ITO 153 len 15 Budjes Gods not r deſtend, the Bodies cannot 
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Now to apply this to our Purpoſe. ADB is an inclin'd Plane, whoſe; A 
Height is DB. If by means of a Pulley P the Weight w hanging Ame >: i 
dicularly does by a String hold the Weight W on the inclin'd Plane, and thoſe | 


which here is as 2 to 1) wp, Ba will remain at Reft (that is, keep: each 
ocher in Aquiliprio) whatever Part of the Plane W; is laid on. Pirſt, 
the Situation of the Bodies be W and 26; dram the IJ. ine m which d 
joyns their Centers of Gravity, and having found their common Center of 
Gravity at C* (CM = 2 Cm) draw H an horizontal Line through that * By L. 2. 
common Center ; and then whatever Poſition the Bodies are in, or what- "yy 37 


ever Part of the Plane W be plac'd on, their common Center of Gra vit; 


will ſtill be in the horizontal Line Hg. If W be remov'd to V, w will 

fall to u, and the common Center of Gravity will be at & If the Centers 

of the Bodies be at E and e, their common Center of Gravity will be at 

K, till in the ſame Line Hh, which may be eaſily prov'd, becauſe -the | 

T riangles nh C, mHC, hqk, rok, &c. are all fimilar. Since therefore 

there is no Poſition of Won * Plane and of w in the Perpendicular w q 

which can alter the Height of the common Center of Gravity of the Bodies, .. 0 
they muſt be in Æquilibrio, Sree . can't we * — 9 nr << 

WIE e . D. wits oft ” „„ 


ade 410 appears A | Wai In * two en W Bodies will win 
each other upon unequal Planes of the fame. Heig ght, whoſe Lengths are 


to one another reciprocally as the Bodies, For 3 5 let the Weights 


F and G *, join d by the Cord FPG runni £4 over .the Pulley P, be b lig File 


one another in Weight as the Planes AB, D (whoſe common Height 
is B E) on which they re xeAively reft. Find their common Center of 
Gravity C, and through C draw an horizontal Line; then you will find 
as before, that however you alter their Situations on their reſpective Planes, 
their common Center of Gravity will ſill * ng. in a ſame e 
Line that 12 4909" C, &e 


"$035. mm Mn" upper of fixn'd Pulley a adds 70 Perce to 1155 R bs _ 
only prevents the Friction by making the Rope run eaſily , and ſo much 

more as the Sheever is bigger than the Cemer-Pin upon which it turns.) How 
much the Friction of a Roller or upper Pulley is diminiſh'd in proportion 

as the Center-Pin, or the Gudgeons are leſs in Diameter than the Wheel or 
Roller I ſhall exactly fhew in the next Lecture. Now I ſhall. take notice 
of the Diminution of Preſſure; upon the Center- Pin of a Pulley which al- 
ways happens in a certain Proportion of the Weights which hang on each 
ſide, when they are in Motion, and that without Regard to the Bigneſs of 
the Pin, which in this Caſe may be >= mth as a . 8 Tang 
in general is comgrehended in the SES 


: E +: pa q 


Weights are to one 0 as the Length ot he Plane to its Height * Pl-15. F. . 
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© When a String or Rope runs over a fingle Pulley or Roller by the ; Deſceit 


Preſſure on the Axis of the Pulley is always equal to the Quadruple of the 
Product of the Weights multiplied into one another) and divided by the Sum 


e the ſame Weights, 


* * 4 by „. 1 j 7 3 
F 4 eh * 5 s 


Pl. 15. F. 11 e eee Plate 15. Figure 11. 2 . 


Rope pDrEg. I ſay, that the Preſſure on the Axis or Center C is = 
„ „ e e 5 


3 1 F 
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Pl. 15. F. 12. TL Plate 15. Fig. 12. 3 
The Pulley being repreſented in this Figure by the ſame Letters as 
before, draw at pleaſure the Lines D 4 and Ee in which the Weights riſe 

or fall. Draw from the Center of the Pulley C & parallel to the ſaid Lines; 

then thro” the Point o taken any where in the Line Ck draw the horizon- 
tal Line 27 and taking the Diſtance pP equal to 7 draw the oblique 


weights repreſented by the Letters p, 4, and ſuppos'd to hang at thoſe 
Points, let fall the Perpendicular cg till it meets the Line PQ. If ve 
. conſider pq as a Balance of unequal Brachia whoſe Lengths are in the re- 
ciprocal Ratio of q to p, ſo that the Weights p and 4 ſhall upon it keep 
one another in ÆQgquilibrio, we, may call 4 the Leaver of the greater Weight 
+ A pc the Leaver of the leſſer Weight p; and if we ſuppoſe the 
Weight 74 to deſcend as far as Q whilſt the Weight p riſes as far as P 
(through an equal Space) becauſe Pg is to g Q as pc to cq, the Line 
17 1 repreſent the Deſcent of the common Center of Gravity of the two 
Weights. ah ern 
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DEMONSTRATION. 


© The Sum of the Weights p : is to their Difference 9 — p : : as 
the ſam of their Leavers pc -|- cq : to their Difference pc — cq : and 
conſequently :': as half the Sum of their Leavers o: to half their Diffe- 
rence %; and likewiſe by 2 and 4. 6. Eucl.) : : as qQ the Velocity of 
the Weight deſcending”: to cg the Velocity of the Center of Gravity de- 
ſcending. Now taking out of q a Weight equal to p, there remains oy 


"of the preponderating Weight (the other Weight riſing at the ſame time) the 


The Pulley is DE its Center C, the Weights and 9, and the running 


Line PoQ. From the Point c the common Center of Gravity of the 


p to * Motion to the Weights by the natural Gravitation of. it. Annotat. 
ay the Momentum of — p by the natural Gravitation is vv — pv (v be- Let. 2 | 
ing taken for the natural elocity of the Weight falling) therefofe the Ma Af J 


city expreſ'd by 7Quill be = 7. jo I 2 but before, we had 


ogy 2+ 7 pay : : 4Q: cg5 therefore we-have p ++ 7 12 


. 4 7 the Velocity of the Center of Lent which will be 


1＋7 7 
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Therefore FS Momentum of the two Bodies will be that Velocty n mul- 5 
pied by the two Bodies, and conſequently the Momentum of $96, F all 


3 # 14 
14 4 
F 4 „ 
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— N 
of the two Bodies will be LE £9 * Now ir the en Bodies 
it? fell wholly, their Momentum would be go +; 2 v3 but as we moſt 


gn) 
ſubtract only that which falls of the Bodies, viz. Candy 2 - 2, there 


is a Remainder of the Bodies which does not fall, and 45 * of 
| conſequence muſt reſt upon the Center and preſs the Axis. N ow this Re- 


mainder, by making the Sobrrafiion, appears to be 1 F. 2 E. D. 


Scholium. 


Hence it follows, that if 7 be equal to 7 qi which Caſe hn will be 
no Motion of the Weights, the Preſſure. will be 2 p = p 7; and if 9 be 
infinite, the Preſſure is 4 p. | | 

To try this pratfically,, I mage the een 


E X ER INE N T. Pp 15. Fig. 13. e Pl. 15. F. 13. 


1 Kren d n very nice 5 D to ** bottom 'of the Scale # of ho 
Balance A B moveable round the. Center C, and having balanc'd the Pul- 
ley by Weights in the Scale a, I faſten'd to a String the two Weights p 
and 7 weighing 2 and 6 Ounces then having put the String oyer the Pul- 
ley D, I plac'd 6 Ounces and one Penny Weight in the Scale 2 kept from 
riſing by a Thread, which join'd in bottom to the fix d Hook H, whilſt 
the whole Balance h by another fix d Hook at M. Supporting the 
great Weight 5 by a Ruler held at e horizontally, under it, I on the 
ludden remov'd e to give 7 leave to deſcend; Which when it did, the 
Prefſure on the Axis of the Pulley D was ſo much diminiſſi d Caan the 


e 
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Riſe and Deen of 7) that the Balance 2 funk by the Adden of the 
eight 4, even'when it was mm deal teſs than 'a Penny Weight, 

a growing lack: 
hen 7 Mas = 12 Ounces and þ = = 37 the Coneerpail in the oppoſite 


Sl, le was 9 Ounces and 12 Penny Weight according to the Theory, and 
the Experiment agreed with it, there being a viſible Deſcent of the Scale 
4, , by the Addition of the little Weight a, even when it was leſs than the 


Part of 9, Cc. Take 4 and p in any other Proportion, and Aul the 
9 will agree with the Theory. 
This Way of conſidering the Preſſure upon the Avis may alſo be apple ho 
the Axle in the Wheel in the following manner. 


pl. 15. F.i4. Let ACB* be an Axis in Peritrochio, whoſe Wheel is AB, 0 the 


Center or Axis of Motion and AX the Axle, 9 one Weight (commonly 
the greater W cight) and p the other, the Line 97, as a Leaver unequally | 
divided at o, repreſents by its Part 7 the Arm or Semidiameter of the 


Axle AC, and by its Part op the Arm or Semidiameter of the Wheel CB. 


The Bodies P, 4, being in the Situation repreſented in the Figure, and 
pb — than 4, the Part of p which makes an Equilibrium oy 


will be 2 e and conſequently there will be left of P ff 4 


E pb mi FOXY (making v equal to che Velocity with which Bodies fall 
” give Motion to the two Bodies; becauſe the Remainder of the Weight 


V 
of the two ns ren os 1V, namely 5 «i tbe of the two Bodies of 


| Equilibrium 4 +7 _ — will remain preſſing on the Axis of the Machine. Le: 


1 be the Vacs of 7; the Velocity of 7 will be © 75 nd its Monentun 


will be £2 272, which added to pu the Momentum of p gives 222 * as 


; ny to the whole Momentum produced by the Force or Momentum 
bi: — . Therefore ſi nce the Momentum produc'd is always equal 


5. 8 
„ 47 
to the Momentum which eee + gaV _ = WT = 41 
1 1 wr - gaV 8 3 1 
mhich giyes a = "FF . ＋ — e ! which 


gives the 8 12 = = 7-6 44H * V, which Momentun / 


Will give it as it bears on the 3 ITE conſequently the Axis muſt ſuffer 
| "Wh Preſſure of it, And as 2, by its Reaction upon p, will make it 1oſ 


as 


73 


much an alſo upon the Axis) or will as mk retard its Deſcent, 2 
the Axis muſt of  necellity by this equal. Action and Reattion bear the Leck. III. 1 


CAR 
double Preffre 2 I" 7 7 4. * Vs to which adding the Weight * 


ELL? x v of the two Bodiry of Kinn, the woke Preſſure a. 
þ 3 * . 47 


the a will be equal to ths 7 
nding by the Denominator as far as we can) it will be equal. to mY 


e Therefore the Axis bears as much Weight « as if 


7 b 4.— ad 
i ſuſtain'd the Quantity of Matter 9 + "gb - T 25 5 


fr 1 


If pb = 4, the Frefſre is f. Tn or g + 22 (coding as i he « 
down for g a, or the Reverſe in the Form — 42 L295 


1 


becauſe 3 in chat Caſe + 77 


= * 


COROLLARY 1. 


16s be e the Preſſure is 9+ ME; or the Meight f together with 


three times the Weig ht that is able to * it in Æguilibrio at the Di- 
ſtance of p, as in ** Pulley above mention d, where the Preſſure is 
He. If 7 be infinite, the Preſſure then is 1 and ifs be malte, os 


Preflare 3 is only equal. to 1. 


N. B. This wey be given as are Rate for the Ae on Was : 
either of @ Pulley of * e e . per ts moo — n 5 
againſt each other, vin. * 41 


FP 


4: the Momentunt of tbe 9uo- Bide falling freely + 1 _basbH 
To the e r a wb ds) Om ww e en 5 other 7 by men of 5 
tbe Macbine:: . > 
75 the Weight eng upon — WE K e e AC ee oor 
„ | > „ 


I. e. Ce 2 gots drug in a 1 goes up to Big i, as far, ke 
There is another Caſe of raiſing a Weight by ſeparated Pulleys, which 1 


omitted here. It is mention'd by Dr. Pemberton in his Few of Sir IsAAc 


NEewToN's Philoſophy. I ſhall firſt give his Solution of it, and then ſhew 

how eaſily it may be reduced to our Rules, by proving, that however 

that Caſe is varied, there will be ſtill a reciprocal. Proportion between the 

pl. 15 F. 15. Power and the Weight. The Weight W“ is ſuſtain d by the Power P 
buy means of the three Pulleys C, D, E, of which D is fix d and the others 
moveable, and a Rope goes from the Weight to each Pulley as repre- 

ſented in the Figure. To explain the Eiſect of Pulleys: thus applied, 


Pl. 1 5. F. 16. cc jt will be proper to conſider different Weights hang ing as in Pie. 16*, 


ce Here if the Power and "Weights balance each other, the Power P is 


te equal to the Weight w; the Weight W is equal to twice the Power Por 
c 


- 


twice the Weight w; and for the ſame reaſon the Weight W is equal to 
ec twice the Weight w, or equal to four times the Power P. It is eyi- 
te dent therefore, that all the three Weights w, W, W together, are equal 
cc to ſeven times the Power P. But if theſe three Weights were join'd 


A 


A 


1 Pl. 15. F. 15.“ in one, they would produce the Caſe of Fig. 15 J. So that in that Fi. 


cc gure the Weight W, where there are three Pulleys, is ſeven times the 
c Power P. If there had been but two Pulleys, the Weight would have 
© been three times the Power; and if there had been four Pulleys, the 
cc Weight would have been fifteen times the Power. 
Jo explain this our Way, let us conſider the Weight W to be rais'd 
one Inch, as from the horizontal Line AB to the horizontal Line 46, and 
from the Make of the Machine find what muſt be the Velocity of the 
Power. Firſt then, the Point F of the Rope going over the Pulley C, 
muſt deſcend one Inch, viz. from the Line 7 F to Gg (becauſe W faſ⸗ 
ten'd to the ſaid Rope riſes one Inch by Suppoſition) and the Pulley D 
faſten'd to the ſaid Rope DF muſt alſo deſcend one Inch. From the 
Deſcent of the Pulley D one Inch the Point H of its Rope muſt deſcend 


* 


two Inches, as it is ſupplied from both Sides of the Pulley; but an Inch 
more of the ſaid Rope muſt be ſupplied by the Riſe of the Weight W; 
therefore the Point H will deſcend three Inches, or from H to Ii. 
Laſtly, as the Pulley E deſcends three Inches becauſe it hangs by the 
Rope HI, the Point K of the Rope KP (being ſupplied from both Sides 
of the Pulley E) muſt deſcend 6 Inches on that Account, and one Inch 
more on account of the Riſe of W: Therefore the Point K of the laſt 
Rope by which the Power P pulls, will deſcend ſeven Inches, viz. from 
the Line K , to the Line LL}, whereby the Power alſo will deſcend the 
ſame Diftance, namely from P to p. Conſequently one Pound at P in- 
ſtead of the Hand will ſuſtain the Weight W ſeven: times as big, 7 K 
being equal to 1 K 7. Therefore in this Combination of Pulleys, as well as 
in all others, and indeed in all mechanical Engines (as we have often ſaid) 
where there is an Equilibrium, there will be à reciprocal Proportion between 
 #he Intenfities of the Power and Weight and their Yelocities. 


+} +4 2 ; 10. [41— 


Dem 


* 
o 


„ | | 2 Annotat. 
10. [41.—— The Ropes, &c. (applied to Pullies) are always ſupposd pa-L ect. III. 
rallel, except where it is otheraviſe eupreſs d.] Tho in a Combination of ao 
Pullies, where the laſt Pulley is a fix'd one as in the 4th, 5th, 6th, 7th, | 
8th and gth Figures of Plate xo*; the Force exerted (ſuppoſing a Mans pl. 10. F.,, 
or Men to draw) is the ſame in whatever Direction the Power draws the 5, 6, 1, 8, 9- 
running Rope; yet if the Ropes that are applied to the Block or Blocks 
which come up with the Weight, are not parallel, Force will be loſt in 
Proportion to their Obliquity. SW 88 8 
Suppoſe the Weight W together with the lower or moveable Pulley = pl. 15 F. 13. 
C, from whoſe Center it hangs, to weigh 6 Pounds; if it was ſuſpended 
at c, it would require a Force equal to 6 Pounds to ſupport it ; and there- 
fore if you ſuppoſe two upper or fix'd Pullies as A, B, to have over 
them a Rope, at each End of which hangs a 3 Pound Weight, whilſt the 
middle of the Rope comes under the Pulley C, it is evident that the two EY: 
| Weights (or rather Powers P and P, being both together equal to the 1 
Weight, muſt alſo ſupport and keep it in Ægquilibrio. Now, ſince P and 1 
P balance one another, if P be taken away and the Rope be made faſt at a, 
P alone will ſupport the Weight W, as we have faid and explain'd alrea- 
dy}. And this will appear more evident, if we reduce the Pulley C tof 97. 
a Leaver after the manner ſhewn in the ſecond Note of this Lecture v. In- L. 3. Ann. 
this Caſe mn is a Leaver of the ſecond Kind, in which the Center of Mo- 2. Pp. 131. 
tion or Fulcrum is at u, the Weight W draws at right Angles at o with 
the Diſtance on, whilſt the Power with the double Diſtance n draws 
alſo at right Angles in the Direction B. Now, if the Pulley B be re- 
moved to &, the Direction of the Power will be changed and become bm, 
conſequently its Force will be diminiſh'd in proportion to the Obliquity: 
of its Direction; that is, the Power able to ſuſtain the Weight in the 
Direction bm : is to the Power which ſuſtains it in the Direction -B :: | 
as bm: is to BM . \ „/// T 
From this Conſideration may be deduced this general Rule for knowing p. 141, 14. 
the Intenſity of the Power or Powers, which drawing obliquely over fix d — 
Pullies cauſe a Weight hanging from the Center of a moveable Pulley to 
riſe directly up. L TT Fo Ws If i . 


As twice the Tangent of the Angle of Inclination (that is, the Angle made 
by the Line of Direction of the Power, which is the oblique Rope) 
with the Horizon, © j eo He | 
To the Secant of the ſaid Angle: „ 
do is the Weight, when one End of the Rope is fix'd : © 
To the Power drawing obliquely, © ; 


Hut if two Powers (one at each End of the Rope) be made uſe of, then 
the Analogy will ſtand thus: nn > in aber, 
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 Annotat. A4 twice the 7 angent of the Angle of Inclination: 
Lec III. To twice the Secant of that Ang.. 
WNW NY So is the Weight: * © 55 „ 


To the two, Powers taken together. 


PREPAR A TION. 


Pl. 1j F. 3. | Let the Pullies A, B,“ be remoy'd to a, b, and the Line m and a0 pro- 
duc'd till they meet at C; join the Centers of the Pullies a, 5, by the 
horizontal Line 44; and from the Point E taken at pleaſure in any Place 

of the oblique Rope draw E D parallel to 45, and making Dc = DC 

dran EC: Draw or perpendicular to CB. „„ Es. 


DEMONSTRATION: 


| _ Since C is the Line of Direction of the Weight W it muſt be per- 
L. 2. 22. pendicular to a4 * the horizontal Line, and conſequently parallel to By; 
therefore the Triangle C is fimilar to the Triangle Bb (by 4. 6. Eu) 
and for the ſame reaſon DEC is ſimilar to C, and 5 DE is alſo fimi- 
lar to them and equal to DCE, becauſe of the right Angles at D, and 
the common Side DE and equal Sides DC = Dc. Beſides, the Triangle 
4 Cc is ſimilar to the others abovemention'd, becauſe as the Weight W. 
(or its Center of Gravity) deſcends as low. as it can, a C& muſt be an 


[/oſceles Triangle biſſected by the Line of Direction C. Now if Ce re- 
reſents the Intenſity of the Weight hanging on the Center of the lower 
Pulley C, its Half DC will repreſent the Intenſity of the Power drawing 
directly or at right Angles to the Leaver m u, and CE its Intenſity when 
drawing obliquely ; and fince the Angle DEC = :4C, EC the Secant 
of DEC will be the Secant of the Angle of Inclination; and DC the 
Tangent of DE C will be the Tangent of the Angle of Inclination ; and 
its Double is Ce repreſenting the Intenſity of the Weight. O. E. D. 
If the two Powers are us d, P will draw with the ſame Obliquity as ? 

| becauſe the Angle a Cc = C; therefore PP: p-þp:: DC+D:: 
CEA Ec. Q. E. D. * e oe] . 

| __ The firſt Analogy may alſo be demonſtrated by the Doctrine of the 
Leaver; for if we conſider that & m is the Line of Direction of the Pow- 
er drawing the Leaver u obliquely, or perpendicular to C (that is n 
L. 3 · Ann. produc'd) will be its acting Diſtance &; and the Intenſity of the Power 
5. P. 142. acting at right Angles : will be to its Intenſity acting obliquely : : as nr : 
to um; but becauſe of the right Angle arm and the common Angle ur, 
the Triangle mh, is ſimilar to Cm and e C; and therefore 1 will be 

the Tangent and 2m the Secant of the Angle of Inclination. O. E D. 
This may be experimentally tried by taking the Weight together 
with its Pulley equal to 6 Pounds, and the Weights P and P equal to 5 
Pounds each; for then if the Pullies A and B be fix'd at the 1 


> 
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of 8 Inches from each other at their Circumference, as at à and 5, the Annotat. 
three Weights will not reſt till the Line Ce be juſt 3 Inches long, in which Lett. III. by 
Caſe the Triangles aCs, c CB, EDC, DE:, u C, and mur will have : 
their three ſides in the Proportion of 4, 3, and 5. But the beſt Method Pl. 15: F. 17. 
of trying all Caſes of this Kind, is to make uſe of the Machine contriy'd , 
by Dr. P Craveſande for that Purpoſe. (See his Introduction to Sir //aac 
Newton's Philoſophy, Part I. No. 205.) On the Plank or horizontal Board N 
H are fixed two Standards 8, 8, which have, each on its upper Part, a f Pl. 15. F. 18. 
Sextant with ſeveral Lines drawn from à Center taken on the upper Part 
of a Pulley, along which Lines going over the Pulleys may be ſtretch'd. 
In the middle of the Lines are written the Numbers which expreſs the 
Secants of the Angles which thoſe Lines make with the Horizon, and at 
the -Ends of the Lines are written the Numbers expreſſing the Tangents 
of thoſe Angles. Now in making Experiments it will appear in every 
Caſe where there is an Æguilibrium, that the Weights Q and Q are as 
| the Numbers in the middle of the Lines along which the Threads are 
| firetch'd; and the Weight P as the Sum of the Numbers at the Ends of 
thoſe two Lines. , 1 „ . 


11. [48.— 4 eſs Power will ſerve &c. — unleſ5 it puſhes the Body 
againſt the Plane, &c. or draws it away from the Plane, &c.) We have 
in the 7th Annotation conſider'd all that relates to a Body moving on an 
inclin'd Plane, and therefore refer to that; but it will not be improper 
here to take notice of the Difference between high Wheels and low ones, 
as they roll over uneven Grounds or Rubs: Becauſe tho? this Motion 

cannot be conſider'd in every Reſpeck like the rolling of Bodies on in- 
_ clin'd Planes; yet there are a great many Things alike in both Caſes.” 

Let the Line ab & repreſent the horizontal Plane or Way on which a Pl. 15. F. 19. 
Wheel, repreſented by the Circle /C hg, is to roll from à towards b. , 
u, 0, repreſent three immoveable Rubs, whoſe Eminenges or Tops reach 
as high as the Points 4g h; while the Power draws the Wheel in the 7 
of Direction cG. To know what the Intenſity of the Power muſt be in 
proportion to the Intenſity of the Weight (that is, in proportion to the 
Weight of the Wheel) we may ſuppoſe a bended Leaver in the faid 
Wheel, and are to confider its Effect in the Operation, which being well 
examin'd will give us this general Rule for all Caſes of a Wheel going 
over a Rub on an horizontal Plane, the Line of Direction drawing along 


+ 


the Center of the Wheel being alſo ſappos'd horizontal. 


When the Circumference of a Wheel moving vertically on an horizon- 3 2 
tal Plane touches the Top of a Rub, 1 % 207 mk: one ” 
wy Weight : EO? 995 ks 4 n Fal e bid 


[s to the Power that can draw the Wheel over the Rub: 
As the Sine of the Angle, which a Line drawn from the Center of the Wheel 
190 the Top of the Rub, makes with the horizontal Line: + 

To its Cofine. f | 2656 
Z 2 5 9 
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Pl. 15. F. 19g. Through 4 the Top of the Rub d, and through g the Top of the 
| * Rub g draw the horizontal Lines edz, rgs; draw the Radii cd, cg and 
'£h, the laſt of which is parallel to the Horizon and muſt be produc'd as 
far as p; with the Radius c4 and Center d draw the Arc c] then from 
the Points 4 and g draw df and gi perpendicular to 4, and round & for 
| a Center draw the Circle Cx DJ equal to C14, which will repreſent the 
Wheel rais'd up upon the Top of the Obſtacle or Rub 1 d. 


DEMONSTRATION. 


In reſpe& to the Rub dn, de is a bended Leaver whoſe Fulcrum is d 
and Brachia cd, de; but as the Power draws obliquely to the Brachium 
de in the Line pc, the Brachium dc muſt be reduced to fd perpendicular 
to the Line of Direction (being the acting Diſtance of the Power) but de 
reſerves its whole Length, becauſe. ? the Line of Direction of the 
eight goes thro? its Extremity e. Therefore here the Weight and the 
Power will be to one another reciprocally as the Brachia fd and de; but 
Fd is the Sine of the Angle Fed (= cde) which the Line c makes with 
the horizontal Line Ze or its Parallel cf, and de its Coſine. ©. E. D. 


Scholium. 


If the Rub had been 1g, twice as high, the Difficulty of drawing the 
Wheel over it would have been more than twice as great; becauſe in 
conſidering the bended Leaver cgr acting in that Caſe, it muſt have been 
reduc'd to another bended Leaver 7 575 in which the Power: is to the 
Weight :: as 7g : to gi, where the Diſproportion of the acting Diſtance 
is more than doubly encreas'd to the Diſadvantage of the Power. 


COROLLARY I 


Hence follows, that the Difficulty of a Wheel to go over a Rub en- 
_ creaſeth in a greater Proportion than the Height of the Rub; the Rubs 
of different Heights compar'd together being always as the yers'd Sines of 
the Complement of the Angle of Inclination, when the Power: is to the 
Weight :: as the Sine Complement : to the Sine of the Angle of In- 
clination, which laſt Ratio encreaſes faſter than the verſed Sine. 
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Hence follows alſo, that a Wheel cannot by any Power, how great ſo- 
| ever, be drawn over a Rub whoſe Top is as high as the Axis (as for ex- 
ample the Rub oh, becauſe in that Caſe the Sine Complement is become 
the whole Sine ch and the right Sine is vaniſh'd; or, what is evident by 
the Scheme, the Power draws againſt the Fulcrum where it can have no 
Eſſect at all, let its Intenfity be ever ſo great; unleſs the Direction of the 8 
Power be made to alter, and it ſhould draw upwards : Therefore in Praftice, F 
eſpecially where Carriages are to go upon rough Ways, it is uſual to make 
the Horſes or Oxen draw a little upwards from the Center of the Fore- 
Wheels. | Eos Os te Fo 


„ C0 R0LL A RT n 


Hence likewiſe may be ſeen the Reaſon why high Wheels go over Rubs 
more ad vantageouſly than low ones, and that in proportion as they are 
higher ; becauſe the Lengths of verſed Sines being (cæteris paribus) as the 
Diameters of the Circles to which they belong : 'That Rub, whoſe Height 
was: the verſed Sine of an Arc of a certain Number of Degrees in a lef- 
ſer Circle, will be the Sine of an Arc of fewer Degrees in a greater, in 
proportion as it is greater; therefore the Sine Complement or horizontal 
Brachium of the bended Leaver bearing the Weight, will be leſs, and the 
Sine of Inclination or perpendicular Brachium of the Leaver, to which the 
Power is applied, will be greater. Beſides, the high Wheel will not only 
go over Rubs impoſſible: to the low Wheel, but ſeveral other Rubs ſtill 
higher, provided their Height be not equal to the Semidiameter of the 
great Wheel. As for example in Fig. 20 *®, the Intenſity of the Power Fl. 15. F. 26 
P drawing the great Wheel CD over the Rub D along the horizontal 
Line 4 b is but half the Intenſity of the Power p drawing the little Wheel! 5 
cx over the ſame Rub at g. Becauſe it is not the bended Leaver i gr, „ 
which is transferr'd from the little Wheel to the great one at FD E, but „ 
the Leaver /d e, whereby the little Wheel is drawn over a Rub only.of 
half the Height. So in Fig. 19. , the great Wheel, Part of whoſe Cir- 1 Pl. 15. F. 19. 
cumference is repreſented by the Semicircle LH , goes over the Rub MD by 
with the ſame Eaſe, that the little one goes over d; over the Rub NG 
(impoſſible to the little Wheel) with the ſame Eaſe that the little Wheel 
goes over ng, and has no Rub impoſſible. to it (ſuppoſing the Intenſity 
of the Power ſufficiently great) till it becomes of the Height O H equal 
to its Setze, „ ˙⅛0d—u«ͤ a wo DEL 
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Laſtly, we may obſerve from what has been ſaid upon this Subject, tar 
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Annotat. and that the Action of the Power becomes continually eaſier as the Wheel 
"Left, III. riſes, whether the Wheel was at Reſt or in Motion juſt as it began to 
'3-(ſuppoling #2 the Rub) riſing continually round the Fulcrum 4, when the 


preſs upon the Rub; for the horizontal Brachium of the Leaver as 24 


Wheel is riſing from Chgql to Dar, diminiſhes: its acting Diſtance a; 
the Line of Direction cg of the Weight comes from c 4 to d, hilt the 
Brachium df by which the Power acts continues the fame, as the Line of 
Direction of the Power goes from the Situation cp into the Situation TP 
for the Diſtance of the Horſes or Oxen, Sc. is ſo great in proportion 
to the Height of the Rub, that we need not look upon the Point « 15 
rais'd at all above the Horizon; nay, if the Horſes draw a little upwards, 


every Advance of the Line of Direction of the Power towards the Point: 


will be a more advantageous Situation of it. . 
From this laſt Conſideration it appears, that when a Wheel, as C/, 


goes over a Rub as d or ng, we are not to conſider it as if it roll'd up 


an inclin'd Plane as 2d or 4g, where the Power drawing horizontally (as in 


the Caſe of the Wedge) atts uniformly and that in the Ratio of the Baſe 


to the Height; the Power here being requir'd to exert much more Forc: 


12. [y0.——— How much the Power muſt be encreabd in proportion 16 th 
Auli, which its Line of Direftion makes with the Plane; | will be ſbrwn i 


be Notes.) All this has been fully confider'd in the ſeventh Annotation | 


ther Metals it is of good Service, being commonly more durable, and raiſig 
the Weight with more eaſe than the Sharp Thread, as will be more full 
' foewn in the Notes.) The Square Thread is feldom or never made uſe of 
in Wood, becauſe then the prominent Parts of the Screw, ſuch as P, N, 


Pl. 11. F. 11. L, H, C, O, M, K, I (Plate 11. Fig. 110 would have no more Strength 


than the lateral Coheſion of the Fibres of the Wood, for a Length very 
little greater than the Thickneſs of the Thread all the Way; ſo that in 
very great Strains the Arbor a bed might be ſtript of its Thread all the 
Way, and ſo ler go what it was intended to hold. But to prevent this 
nconveniency the hollow'd Part of the Screw is made ſharp cloſe to the 
imaginary Arbor or included Cylinder, which thickens the Thread of the 


Sc). !reew next the Arbor; but then of conſequence it muſt come to a ſharp 
Pl. 11. F. 14 Edge on the outfide. This may be ſeen in the 14th Figure, where, inſtead 


of the hollow BA CD, you have bad. 


Tho' by this means the ſharp-threaded Screw is ſtrongeſt in Wood, it 
is weakeſt in Metals, where the Thread is generally fine, for if the Male 
and Female Screw do not exactly fit, but have a little too much Play, the 
Sharp Thread of the one will gull (that is, cut and wear away) the Sharp 
Thread of the other. Whereas in a Square Thread, tho? there ſhould be 
ſome Play, there is no unuſual wearing out, a Flat bearing upon a Flat. 


Heſides, 
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in deſcribing the inclin d Plane and Wedge) it has alſo an Endeavour to 


Core. a 


ſented at 


Line of Direction. Now, if we reſolve the Force WP repreſenti | 
B, 
2 


preſſure of the Weight downwards into the two Forces WA and Y 
of which the firſt repreſents the Force exerted againſt the Declivity A 


will be a great Encreaſe of Friction on the upper Side of the Screw. 


in another Place. 


About the Years 1720 and 1721, the late Mr. John Rowley, Mathemati- 


againſt all Projects tending that way, I was deſir d at that time to publiſn 
my Reaſons why the Thing ſeem'd impoſſible or impracticable; which. I 


People at firſt from any ſuch Attempts, in which ſo much Time and Mo- 
bey have. been loſt. I. have here printed the whole. Account again; but 


deſcend along another Plane (as ad Fig. 14.*) which makes the Sharpneſs* PL11. 
J777ͤĩ?06 tHe Finer ut Ve NR. + 


To eſtimate what is the Force which the Sharp Thread has to bear 
the Weight on account. of its Declivity, let us examine the Screw CD F pl. 16. F. 1. 
EM“ ſuppoſing a Female Screw to be rais'd with all the Weight, which 
caſequently muſt preſs upon the Thread of the Male Screw here repre- 
IKPGH, Cc. which we will all reduce to the Preſſure on 
the Point P, W A BP being ſuppos d the Weight preſſing, and WP its 


| and the laſt that whereby the Weight endeavours to go along A D with- 
out preſſing againſt it; it will appear (becauſe Action and Reaction are e- 
qual, that the inclin d Sharp Thread only lifts the Weight with the Force 
repreſented by AW, whilft the Force left, viz. WB, carries down the 
Weight in the Direction AD, thereby drawing the oppoſite Side of the 
Thread of the Female Screw to preſs the harder againſt the Thread of 
the Male Screw at C, M and E, c. So that if the Weight does not 
happen to riſe perpendicularly (which it does not in. many Caſes) there 


The Friction of the Screw being owing to many Cauſes, we ſhall confider it 


14. [70, — Pretenders to Perpetual M otions, and thoſe who promiſe _ 
greater Effects by Machinery than is conformable to the reciprocal Proportion 
between the Intenſities of the Powers and Weights and their Velbcities. 


cal Inſtrument-maker, talk'd ſo much of the Wheel which he had ſeen at 
Heſſe-Caffel (which he believ'd to be a ' perpetual Motion, as well as a: 
great many Perſons in that Country) that beſides the common Herd” of 
| Perpetual Motion Men, which every Age affords, ſome very ingenious Men 
made an Attempt that Way, and were countenanc'd in it by ſome great 
Mathematicians, who, when the Scheme was laid before them, declar'd. 
they knew no Reaſon why it ſhould not do. But as I always declar'd- 


75 8 ? 


did in the Philoſophical Panſactions & in ſuch a manner as might diſſuade No. 369. 


Beſides, on the Sharp Thread the Weight endeavours to deſcend (and there- Annotat. 
ſore reſiſts) with more Force than on the Square Thread; 'becauſe, be- Lek. III. 
des the Endeavour of the Weight to flide back on that inclin'd Plane vw 
which makes the Aſcent of the Screw (which has been already explain d 
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to look over what I have faid in theſe Notes, Page 
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Ys „,, / Cor OT 8 
Aeg defire.my Reader fiſt. 
belt Heſſe. Caſſel made by. Monſieur Ocfireus, and by bim call; 
2 Perpetual Motion, bas of late been ſo much taltd of on account of it; 
wonderful Phznomena, that 4 great many People have believ'd it to be afty. 
a e a flfEmoving Engine, aud accordingly have attempted zo imitate it a; 
eb, Now, as a great deal of Time and Money is ſpent in thoſe Endeavour, 
I was will (for the ſake of thoſe that try Experiments with that View ) 
1% ſbeu that. the Principle which moſt of them go upon is falſe, and can hy 
di mean produce a perpetual Motion, 
© * © 22 They take it for granted, that if a Weight deſcending in a Wheel at 
z a determinate Diſtance from the Center, does in its Aſcent approach near. 
er to it; ſuch a Weight in its Deſcent will always preponderate, and cauſe 
a Weight equal to it to riſe, provided that Weight comes nearer the Center 
in its Riſe ; and accordingly, as itſelf riſes, will be overbalanc'd by another 
Weight equal to it; and therefore they endeavour by various Contrivan- 
ces to produce that Effect, as if the Conſequence of it would be a per- 
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But 1 ſhall ſhew, that they miſtake one particular Caſe of a gener 
Theorem, or rather a Corollary of it for the Theorem itſelf. The The- 
, d A Ee . 
one Weight in its Deſcent does (by means of any Contrivance) cauſe an. 
other Weight to aſcend with a leſs Momentum or Quantity of Motion than 
7 95 it Will preponderate and raiſe the other Meiglt. 
Cor. I. Therefore if the Weights be equal, the deſcending Weight 
muſt have more Velocity than the aſcending Weight, becauſe the Momen- 
tum is made up of the Weight multiplied into the Quantity of Matter. 


"CORQELERY MW 


Therefore if a Lever, or a Balance, has equal Weights faſten'd or 
hanging at its Ends, and the Brachia be ever fo little unequal, that Weight 
will preponderate, which is fartheſt from the Center. ts et 


Scbolium. 


This ſecond Corollary cauſes the Miſtake; becauſe thoſe, who think 
the Velocity of the Weight is the Line it deſcribes, expect that Weight 
Hall be overpois'd which deſcribes the ſhorteſt Line, and therefore con- 
trive Machines to cauſe the aſcending Weight to deſcribe a ſhorter Line 

5 than the deſcending Weight. As for example, in the Circle ADB. 
pl. 16. F. 2: (Eig. 2. the Weights A and B being ſuppos' d equal, they imagine, that if 
7 rr = ontrivance whatever, whilſt the Weight A deſcribes the Arc As, 
the Weight B is carried in any Arc, as B, ſo as to come nearer the 
; Center in its riſing than if it went up the Arc BD; the aid Wes! 


ſhall be ka a — 175 a number of lach Weights, a er . 
perval Motion will be produced. 7; 1. 
1 This is attempted by ſeveral Contrirances, which all depend upon this N 555 
5 falſe Principle; but I ſhall only mention one, which is repreſented by e 
- WH Figure 4, wherea Wheel having two parallel Circumferences, has the Space 5 
s between them divided into Cells, which being curvd, will (when the 
Wheel goes round) cauſe Weights plac'd looſe in the ſaid Cells, to deſcend g 
on the Side AAA, at the outer Circumference of the Wheel; and on 
the Side D to aſcend in the Line B, which comes nearer the Center, 
and touches the inner Circumference of the Wheel. In a Machine of this 
kind, the Weights will indeed move in ſuch a manner, if the Wheel be 
turn d round, but will never be the Cauſe of the Wheel's going round. 
Such a Machine is mention'd by the Marquis of Morteſter, in his Century 
of Inventions in the following Words, No. 58. 
« To provide and make that all the Weights of the. deſcending Side 
« of a Wheel ſhall be perpetually farther from the Center than thoſe of 
« the mounting Side, and yet equal in Number, and Heft to the one Side 
« as the other. A moſt incredible Thing, if not ſeen 3 but try'd before . 
“the late King (of bleſſed Memory) in the Tower by my Directions, „„ 
t two A Ambaſſadors accompanying his Majeſty, and the Duke 5 
et of Richmond, and Duke Hamilton, with moſt of the Court attending him. 
« The Wheel was fourteen Foot over, and had forty Weights of fifty 
Pounds apiece, Sir William Balfore, then Lieutenant of the Tower, 
es can juſtify it, with ſeveral others. They all ſaw, that no ſooner theſe - 
ee great Weights paſs'd the Diameter Line of the lower Side, but they - 
e“ hung a foot farther from the Center; nor no ſooner paſs'd the Diameter 
« Line of the upper Side, but they hung a F oot nearer. Be pleas d to 
“judge the Conſequence. | 
Now the Conſequence of this and ſuch like Kfachines, is s nothing like a 
perpetual Motion ; and the Fallacy is this. The Velocity of any Weight 
is not the Line which it deſcribes in general, but the Height i rifes up 
to, or falls from, with reſpect to its Diſtance from the Center of the 
Earth. So that when the Weig ht (Fig. 2. ) deſcribes the Arc Aa, its *Pl.16-F, 2. | 
Velocity is the Line AC, which ſnews the perpen rpendicular Deſcent (or 
meaſures how much it is come nearer to the ter of the Earth) and 
likewiſe the Line B C denotes the Velocity of the Weight B, or the Height 
that it riſes to, when it aſcends in any of the Ares Bb, inſtead of the Arc 
BD : So that in this Caſe, whether the Weight B in its Aſcent be brought | 
nearer the Center or not, it loſes no Velocity, which it ought to do, in 
order to be rais'd up by the Weight A. Nay, the Weight in riſing near- 
er the Center of a Wheel, may not only not 1 of its Velocity, but be 
made to gain Velocity in proportion to the Velocity of its eounterpoiſing 
Weights, that deſcend in the Circumſerenee of the oppoſite Side of the 
Wheel; for if we confider two Radii of the Wheel, one of which is ho- 
rizantal, and the other (faften*d to and moving with it) inolin'd under the 
Horizon i in an Angle of £0 Degrees 3 3. ko th and by the Deſcent 4 t Fl. 16. F. 3. 
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A Ovirſe of Experimental Philoſophy. = 


| Annotat, the End B of the Radius BC, the Radivs CD by its Motion cauſes the 


* 


Pl. 12. F. 3. 


Pl. 10. F. 2. 


Lect. III. Weight at D, to riſe. up the Line pP, which is in a Plane that tops the 


ſaid Weight from riſing in the Curve D A, that Weight will gain Velo. 
city, and in the Beginning of its Riſe it will have twice the Velocity of 


the Weight at B; and conſequently, inſtead of being rais'd, will overpoiſe, 
if it be equal to the laſt mention d Weight. And this Velocity will be 


ſo much the greater, in Proportion as the Angle AC D is greater, or as 
the Plane Pp (along which the Weight D muſt riſe) is nearer to the 


Center. Indeed if the Weight at B (Fig. 2.) could by any means be lift- 


ed up to , and move in the Arc , the End would be anſwer'd ; be- 
cauſe then the Velocity would be diminiſh'd, and become &£ . 


ExeERIMENT. Tig. 3. 


2 © Take the Leaver BCD, whoſe Brachia are equal in Length, bent in 
Pl. 16. F. z. an Angle of 120% at C and moveable about that Point as its Center: In 


this Caſe, a Weight of two Pounds hanging at the End B of the hori- 
Zontal Part of the Leaver, will keep in A#quilibrio a Weight pf four Pounds 
Hanging at the End D. But if a Weight of one Pound be laid upon the 


End D of the Leaver, ſo that in the Motion of D along the Arc p, 
this Weight is made to riſe up againſt the Plane Pp (which divides in 
half the Line AC equal to CB) as having twice the Velocity of it, when 
the Leaver begins to move. This will be evident if you let the Weight 
4 hang at D, whilſt the Weight 1 lies above it: For if then you move 
the Leaver, the Weight 1 will riſe four times as faſt as the Weight 4. 


17. [$0. —— f The Weight and Gibbet would run back and ref over W, 
Sc.] In the third Figure of Plate 12 CG gs repreſents the Top of the 


Gibbet with its Pulley at F its Extremity, and its Center (or the Top of 
its Axis) at C. It is to be obſery'd here, that the horizontal Part of the 
Rope Cy is in the ſame Plane with the middle Line of the Gibbet, or 
that the Rope Cr is parallel to the Line Cr (under it) in the Gibbet. 
Now if it was poſſible for the Rope to continue parallel to the ſaid Line 
Cr in the middle of the Top of the Gibbet, whilſt it is mov'd to the 
left ſucceſſively in the Situations C6, C7, C8, or to the right in the Si- 
tuations C1, C2, Cz, C4, C5, the Guider, or Perſon who pulls and 


directs the Guide rope faſtend at the End near g, would bring the Weight 


to any Place on the Wharf on either ſide the Crane without any more 


Labour than what overcomes the Friction of the Axis of the Gibbet. 


But when the Pulleys P and Q are plac'd at p and 4, the middle line of 


the Gibbet advances towards P and Q faſter than the Rope does, which 
being oblig'd to fold about the Pulleys makes an Angle with the Line 


 abovemention'd, as for example, the angle p8 x on the left Side and q 47 
on the right, the angle being ſo much greater as the Gibbet is more drawn 


* . 2 
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back on the Wharf towards the Crane, The Conſequence of this is that 
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the Weight (in this Motion of the Gibbet) Muſt be rais'd in proportion Annotat; 
as the Rope is lengthen'd by folding about the Pulley, or in the propor-Letft, III. 
ä tion of Cy 8 to Cs on the left, and C4 to C4 on the right. Now i 
the Exceſs of the lengthen'd Rope above the Length of the middle Line „ 
of the Top of the Gibbet be (for example) one tenth of the whole, 
then a Perſon holding the Gibbet by the Guide- rope, in a Poſition which 
makes that Difference, muſt ſuſtain a tenth part of the whole Weight, 
viz. 224 # in a Ton, too great a Weight for a Man thus employ'd to 
move with the Gibbet. Now as this Force gradually encreaſes by drawing 
round the Gibbet, it deceives the Man who pulls the Guide- rope, and as 
by a ſudden Jerk he has brought on the Weight, he is often forc'd to let 
it go when it comes beyond his Strength, which ſometimes proves of dan- 
gerous Conſequence, as well to the Perſons loading or unloading as to the 
Goods cran'd up. _ 8 8 33 i atheatoak or EE 
To prevent theſe Inconveniencies, Workmen have plac'd the Pulleys in 
a different Situation, viz. in the Situation P, Q; ſo that in turning the , 
Gibber to the right, no Part of the Weight will be felt by the Guider 
till the Gibbet comes beyond C4; and in moving to the left, till it comes 
beyond Cc. But then another Inconveniency ariſes from this Conſtruction, 
which is the Reverſe of the other Thing conſider'd ; namely, that the 
Weight deſcends, and conſequently brings on the Gibbet with a Swing, 
which (if unexpected) may likewiſe do Miſchief, As in large Weights 
theſe Inconveniencies are moſt ſenſible, Mr. Padmore of Briſtol making a 
Crane for Mr. Allen (Poſtmaſter of Bath) to raiſe Stone out of a Quarry, 
contriv'd an Application of the Axis in Peritrochio, which takes off this | 
Danger and Inconveniency. In the firſt Figure x is a Wheel with Arms, pl. 12. F. i. 
whoſe Axis x# has on it a Pimon at «, which takes the Teeth of an ho- 
rizontal contrate Wheel faſten'd to the Axis of the Gibbet ; whereby one 
Man ftanding out of Harm's Way cloſe to the Wheel has ſach Advan- 
tage of Power by means of the long Arms of the Wheel, as to move the 
Axis of the Gibbet with great Eaſe, notwithſtanding the Inequalities 
above mention'd, and alſo to hold the Gibbet in any Poſition without dif- 
The ſame ingenious Workman has made another conſiderable Improve- 
ment in another Crane fix'd by the River-fide, whereby Mr. Allen lets down 
his Stone into ſuch Veſſels as come to fetch it away, n. 
The Crane itſelf is not of an uncommon ſort, but a rat-tail'd Crane 
with a double Axis in Peritrochio and two Handles, whereby four Men may 
_ raiſe very great Weights ;- and then turning the whole Crane about upon 
its upright-Shaft, can fix it in any Poſition and let down the Weights . 
ſpeedily into the Boats or Barges which come near the Wharf to receive 1 
them. See the 5th Figure of Plate 16, where you may obſerve it to dif- Pl. 16 F. 3. 
fer from that repreſented in Plate 12. Fig. 44 becauſe the long Neck of Pl. 12. F. 4. 
the Crane is here of one Piece, and the Power differently applied. But 8 
this Conftruttion is not new. Neither is it a new Invention to let down 
Goods after they have been rais'd by.a Crane, by preſſing an Arch of a 
1 A a 2 N 
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Annotat. Circle ſtrongly upon a Whegl fix'd to the. principal Axis, in order to re- 
Lett. III. 


tard and regulate the Deſcent by a Friction encreas d or diminiſh'd at 


pleaſure, as is done in ſtopping Windmils. The Catch alſo, that hinders, 
à Crane or Capſtane from going back, is of common Uſe; but I. don't 
know that any one has applied them both together in the ſame Crane, ſo 


 - as to depend upon one another, before Mt. Padmore did it, though many 


PI. 16. F. 6. 


have done it ſince. Therefore I ſhall give a particular Deſcription of 


this Contrivance, whoſe. chief Intent is to prevent. the great Miſchief 
which often happen by the Careleſneſs. of the Men employ'd to raiſe and 
let down. heavy. Burthens by. the Uſe of the Crane. The ſixth Figure re- 


preſents an upright. Sedlion of ſo much of the. Crane as. the Contrivance 


aboyemention d is apply'd to. | 


AB, is the great Wheel, whoſe large Axis A moving on two. Iron Cen- 


ter Pins ſuch as 4, receives the Rope, or lets it run down. according. as.it 


is turn'd; by means of the Handles faſten d at C to. the. leſſer Wheel or 


Pinion C, or as it is ſuffer?d to turn, the other Way by the Gravity of 


the deſcending Weight when all Obſtacles: are remov'd. Upon the Axis 


of the Pinion; is the Ratchet Wheel DJ; whoſe. Teeth. ſucceſſively re- 
ceive the Iron Catch F (moveable. on a Pin at E on the Iron Standard 


8 and to be rais d. up occaſionally by the upright Iron H) to hinder the 


Axis behind the 


Weight from going: back. when the. Handles are. loos d. Upon the: fame 
the Half: ring of Iron O Po wich a Groove or Hollow made in. ir to ft 


the Circumſerence of the ſaid Wheel, ſo as to retard, or ſtop, or any 


way regulate the Motion of the Wheel (and conſequently of the Axis and 
Pinion C, and the great Wheel and Axis AB which has the Rope VA) 
according as it is more or leſs ſtrongly. preſs d down to make a Friction 
on the Wood, as it: moves: after the Catch is. rais'd, out of the Teeth. of 


the Ratchet. The horizontal Leaver K L. governs. all theſe. Motions in 
the following manner, viz. When, the String Q K; faſten d. to the faid 
Leaver at K, is pulFd,. the Leaver moving on its Center M, does, by an 


horizontal Pin fix d at. right Angles to its Side at I, raiſe the Piece. H, 


and conſequently releaſe the Ratchet by raiſing the Catch at F out of the 
Teeth: Lhen the Weight deſcends. ſwiftly, moving the Wheel, and Pinion 


round by its: Force ; but to prevent the too, ſwift: Deſcent, the Leaver is 
pull'd up a little more ſtrongly, by the Guider who holds the String Q qK, 


which brings. down the contrary. End of the Leaver L, and conſequently 


Jlleſs and let go the String; then immediately. the Spring Ss, whoſe End 
t had been depreſs d by the End L of the Leaver, will raiſe it up again 
(by its lateral Pin X) and reſtoring the whole Leaver to its firſt horizon- 


the Iron N, ſo. low as to make the ſemicirular Ring Qu preſs: hard upon 
the. Wheel Ep, which, it did not do when the. Catch was rais'd but. juſt 


out of the Ratchet. N. B. 4. ſtrong. Pull: ſtops the. whole Motion, and a 
more gentle one regulates the Deſcent. And if the Guider ſhould be care- 


tal Poſition, the. other lateral Pin I in the long Arm MK of the Leaver, 


» 
will, 
= xs ES $6.4 


through che Notch, H, preſs upon I the lower End of the ung 


at wie 


heel Dd is a wooden Wheel. Eg, over which hangs | 
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Piece Hh, and fo bring down the Catch F into the Ratchet Wheel at | Annotat.. | 5 
f, the curved Piece OP ? at the ſame time flying up and no longer preF Let. 2 
ing the wooden Wheel Ep. 

Thus will Miſchief never be the Conſequence of Careleſneſs, becauſe - 
of the Catch; nor will the Weight go down by jerks, which would have 
been the Conſequence of the Catch us'd without the Half. Ring, becauſe pl. 16. F. 6. 
the Catch is lifted quite out of the way when the Half-Ring is brought 
down and applied by pulling the String at Q. N. B. Ty tt, t 2 is part TR 
of the upright Seftlog of the Timber of 45 Frame. 

To make this the plainer, let us examine the 5th Figure of Plate 16 . 16. F. Te 
where we have an horizontal Section of the Parts above mention'd. ; 
T. is Part off th Timber of the Frame, B is the great.” W el, 
whoſe Axel that holds the Rope is mark'd AAA, and its Iron Axis 
goes thro Bell-metal Boxes at aa. CC is the Small Wheel or Pinion, 
whoſs Axis is ac. D is the Sectiom of the Ratchet Wheel made ob 
Iron. Between the. prick d- Lines Ap and Ez. is ſuppos'd- the Wooden 
Wheel. upon the Axis of the Pinion (not drawn here to. avoid Confuſion, 


* 


no more than tHe. ſemicircular preſſing Piece a . Po in the laſt Fi- Lu LE: 4 


gure) the. Baſis of whoſe upri 9 79 fix'a Supporter is repteſented by R. 
and the End of the Piece which: brings it down Ro Odcaſion is ſhewhn 
ar N. KE-is the Horizontal Leaver, whoſe Center is at M, moving 
rertically' hy a. Pull off the: String falten d to ir at NK. III is the firſt: lute- 
ral Pin of the Leaver which 2 I goes tłlirougii the: bottom off the Biecw = 
H, Raiſer. off the Catehi F ,, already deſeribid/ with its Supporter G. n 
whoſe I op the Catch, moves by a- Center Pim Ap A is the ſecond late- 
ral Pin-of: the Leaver,, whoſe. Office. is to preſs. upon the End: s- of the 
crooked Spring S:s fa en'd' to the bottom of the Frame at the farther End 
8. 8a that when the End K of the Leaver is pull'd up, the End I. 
which is depreſs d, muff be liſted up again into its Place by the Force 0 
the Spring reſtoring it ſelfl. 
N. B. The crooked: Figure of the Spring, andthe Manner * ies ſting the Pl. 16 F. 6. 
Pin is beſt ſhe in tbe laſt Figure. 
There is a fine Contrivance'of. an inclin'd Waggon- Way: made of Tia | 
ber to bring donn the Stone from Mr. Allen's. Quarry: to the River's Side, 
the Diſtance of near a Mile, in Waggons which come down the Decli- 
vity on the artificial Way by their own Gravity, as the Coal - carriages do 
near Newcafle. But this MWaggon-way differs quite from thoſe in the 
North, every Part being very much alter'd for the better, and the, Car- 
rage themſelves contriv'd to carry much more Weight withont. Ianger: 
ene, of this Comrivance, wherein" Mr. Allen and hi, Hurtmen 
bave ſhewn: great: Skill: and. e 1 1 . A . Wolr'h 1101 ne, 
ther e this Book. FEB” 1 9 0 
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Concerning the Friction in Mechanical Engines, 


T HAT 1 have faid hitherto in the Three firſt LeQures 
and their Notes, is ſufficient for explaining the Princi- 
ples o Mechanicks (ſtrictly fo call'd) enough to ſet 


People to work, who have a Genius for Practical Arts; but as 


they may be guilty of conſiderable Errors without, making proper 


_ . Allowances for Friction, and knowing how to. find out (nearly) | 


what it is in Engines already made, and ſuch as they intend to 


make; I thought proper in this Place to give a Lecture on 
what I have been able to diſcover of the Nature of Friction, by | 


reading all the Accounts I could meet with on that Subject, by re- 


85 peating ſeveral Experiments already made the better to conſider 


their Circumſtances and whether the Accounts of them were true; 
and likewiſe by making a great many new Experiments my felt. 


Tho there are ſo many Circumſtances in the Friction of Bs. 


dies, that the ſame Experiment doe, not always ſucceed with 


the ſame Bodies, ſo that a Mathematical Theory cannot be eaſily 


4 ſettled; yet we may deduce a Theory ſufficient to direct us in 


* 


our Practice from a great Number of Experiments, always ta- 


king a Medium between Extremen. 


FixsT then, it is obſerv'd that Wood, Iron, Braſs, Copper 
and Lead, when greas'd or oiFd (as is done in Engines) have near- 


ly the fame Friction, and therefore the ſame Rule will ſerve for 
all thoſe Subſtances. For tho' one may at firſt imagine that Me- 


tals muſt needs lip over one another more eaſily, becauſe they 


may be made ſmoother and will take a better Poliſh; yet it & 


found by Experience that the flat Surfaces of Metals or other Bo- 


dies may be ſo far poliſh'd as to encreaſe Friction; and this 4 
5 „ | mecha- 


wy Im———_ Sed a>. nm. an 


1 


het 


—_ 


ry evident in drawing Glaſs Plates over one another, which re- 
quires more Force than if they were of Wood, and the fame is 


another. It is true ir 
each other by the Preſſure of the external Air, when being firſt 
oibd, to exclude the Air from between them they have been {lipp'd 


Receiver. ; But if they be made very ſmooth, they will cohere 
ſtrongly even after the Preſſure of the Air is wholly taken off by 
the Air-Pump. I have applied together the flat Surfaces of two 


coher'd ſo ſtrongly as to hold 19 Ounces Troy before they were 
ſeparated, when their Contact was but a Circle of one th of an 


greater than the Weight of an Ounce; becauſe a Column of Air, 
whoſe circular Baſe is one 1:th of an Inch in Diameter weighs no 
more. In Metals the fame is evident; but more eſpecially in Lead; 
for two Balls of Lead of about one or two Pound Weight each, 
if par d clean with a Knife and applied cloſe together, ſo as to 
touch in a Surface of about one 1cth of an Inch in Diameter, will 
lick together ſo as not to be ſeparated by a leſs Weight than of 
40 or 50 Pounds, tho? the Preſſure of the Air in that Caſe. could 
not amount to one 4th of a Pound. See Phil, Tran ſact. N. 389. 


But to return to our Experiments of Friction. 


Ch is a ſmooth Piece of Wood one Inch thick, four Inches 
wide and fix long, with a little Hook in its Forepart h, and weigh- 


knted by the Line A B over the Pulley P by means of the String 


ther 


true in Metals, for tho? the Preſſure of the Air is ſometimes a 
little concern'd in this Phænomenon, yet the Attraction of Coheſion 
does ſo far exceed it, that we need not take notice of the Effect 
of that Preſſure in the Action of the Parts of an Engine on one 
eed that a couple of Marble Plates ſtick to 


her; and that when ſuſpended in the Receiver of an 
ey fall aſunder as as the Air is drawn out of the 


{mall Cryſtal Buttons, without wetting or oiling, which have 


ach in Diameter; in which Caſe the Preſſure of Air could not be 


og ſix Ounces. If it be drawn along an horizontal Plane gepre- 


HW, the Weight W equal to two Ounces and as much more as 
vil overcome the Friction of the Pulley, will draw it along whe- 
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mechanical Paradox; but the Reaſon will appear when we con-Le&. IV. 
ſider that the Attraction of Coheſion becomes ſenſible as we bring & ov 
the Surfaces of Bodies nearer and nearer to Contact. This is ve- 


1 "4 
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Exeeximent I. Pl. 13. Fig. 18.  Pl1z.F.8. 
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* dickes on its ell dee Flat as at c, or on its 
WWW pron ag whe CRETE ROY'S fourth part of 


Aen. 1. about one zd of the Werght * aud ariſes from 


ing Surface. From once 4t appears 


that the Friction 4 2 equal 4 
the Werght that preſ- 
Jes the Parts together, and not from the Number of Parts that 
rauch,; for whether the Parts of the Surface be confider'd as Springs 
to be bent, or as ſmall Eminences over which the Body dra un mult 
be lifted, it is plain that the Diioulty will be the lame, whether 
the Surface be greater or leſs, provided it be preſs d in a recipro- 
cal Proportion of its Bigneſs ; for tho the Baſe of e be four times 
broader than the Baſe of K, every Inch of it in Breadth is pref%d 
but by one Inch of Wood in Thickneſs: whereas the Surface on 

Which it reſts in the Poſition K, which is four times narrower, is 

preſs d by a Thickneſs of Wood of four Inches. The Friction 
therefore, or Impediment to the drawing the Body in the Line AB, 
ariſes not from the Number of Parts which touch, but 1 the 
Preſſure on * touching mn, as bend yet more plainly 1 — 
the following : 


CITY Exe ERIMENT 1. PI. 13. . 18. 


Let # Ki Pulley = babe Wei ht " „ (W | 
alo K, when 1 it was rais'd up to rhe og of # the Hook of 
K a =D be brought down to the fame Level as P, then 
=W will not draw K along without the Help of the little 
nddicional Weight ; becauſe the Traction made in the oblique 
Direction 2p makes K preſs more againſt the horizontal Plane 
than when the Draught is in the Direction a2 ”.; but if the Hook 
be fix'd at » ſo as to make the Line of Direction parallel to the 
Plane AB, then will the 1 without the 3 draw 
* — as * did . 


nE. 5 ExyrninenT u.. PI. ig, Fig. 19. 


Urox the Table or W Plane TMNO, let 4 . 
Plane or Plate of about two Foot Diameter move, bearing on # 
Pin round the Center C fo as not to touch the firſt Plane; the! 
let a Sraſs or Leaden Plate, ſuch as A, B or D, be ſo laid berwis 
1 the circular Plane and the FS as to n upon the Table 22 


D 


. 


" —_o 


— 19. am OO — . WY) 0 


| 


—__R ©” Pm 


roun pulling in the Direction A T, 
at A or D; but if the 


part of the Baſe BC; becauſe then the 
wards in 3 parallel to AB an to one 3d of the | eight 
of the Body. 5 2 


in mechanical P 


Fi 


to the Laws of Mechanicks it o 
ſlide down. But the Friction DEER: equal to one 3d of the Wet, . 4 
| 13.F.20, 


from its middle) be carried round * with the circular Plate 
under the Point A, B or D. Then if the Weight of the Plate A 
be equal to 30 F, a Force equa ual to 10 # will draw the me - 


05 We draws in the Lane BE or Er Tan- 


1275 


= 
*k 63 LS 


» when the ſaid Plate is plac'd 


gent to the little Circle BE, it will require 20 th todraw A round: 


aſtly, if the Power draws from A towards T in the Tangent 


of the great Circle Ar D, whilſt; the Plate is fix d ar B. then a 


Force equal only to'5 15 will move round the Mts not a enob 
T 11s ſhews that hs Friction is encreas'd when the 11 bing 
Parts move faſter, and decreas'd when they move {lower than the 
Power. Therefore we may ſay that the Reſſtances from Friction 
are to one another in a Ratio compounded: of the Preſſures of the 
rubbing Parts, and. the PROT or Vel 2 Wins: af” e _ 
HONS. ers 161 TSF ESVTD 8 fc $1 i 
WEN a deck Body is laid on 15 1 Plane, + according 
it not to reſt upon it, bur mu 


4 : 


1 


as We have already ſhewn, the Body K laid o "the inclin'd P 
AB will not ſlide down till the Perpendicular AC be the third 
Bodys Tendency down- 


HENCE it appears — 5 neceſſary it is a endet the Friction 


ing on the riſing Ground De is to. be drawn by a Power at P in 
the Direction AP parallel to L De; whien A the Riſe of the Phne | 
above the horizontal Line H V is one zoth ot 4c, a Power equal to 
one 3cth of the Weight would be able to draw it along accord- 
ing to the Laws of Mechanicks excluſive of Friction; and there- 
fore 100 t would draw along a Beam of 3000 th along the Plane 
Ac: But as the Friction is equal to one 3d — the Wee, 2 
muſt have a Power equal to 100 b +009 b before we 
draw the Beam along, if the Plane was as ſmooth as a Marble. 
Floor. But along the Ground, Where even the ſmootheſt Earth is 
rough, a much greater Force will be 7 requir d. Mon ſ. Amontons 
of the Royal Academy at Paris found that a Force equal 

2250 W Was but ſufficient to drav e a 6 um up a Hill 0 the 
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all its Weight, a 1 at the Pa go time „ means of a a Pin n ee 


nces; a8 for 3 if a Beam ABT h-rrl. * N. 
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\ Exp; ER ir 1b. U. 14. K 6 3 ads. 
91 45 uo 01A GD 117 0 I W 29101 2 
oe AB\<:iabodexCy nde f an Tach Diameter pd 
well poliſh d, turn freely on twio Supporters 8 53 bkewiſe ſnot, 
well poliſh'd and greas d. Then at each End of à filken Thread 
or String thrown over — {aid Cy linder, or wound abont- it two 
or three times (for that makes no'difererice if the Parts of the String 
do not touch one another) fuſpenda Rove ht of 9 b; which Weights 
will keep each other in Mquilibrio. Then adding ſeveral Weights 
to the 9 t6 Weight P there made uſe fre ower, to find exactly 
what : Addition it muſt have to raiſe the Weight W, Which is Uh 
only a 9 5 „Weicht, that Weight will not be raisd by the 
turning 5 the Cylinder rill P and all the Weights added to it 
make all together 18 tb. This is agreeable to what was ſhewn 
before by the firſt Bremen: of this Lecture: For as the whole 
1 that preſſes the Cylinder on its Supporters is WW - P or 
18 W. 6 ſb muſt be added to P in order to overcome that Friction; 
but that Additional Weigti it adds alſo a Friction of > t the third 
ae offs Teſfute, for the overcoming of which Friction 3 œ muſt 
added, whoſe Friction n requires ulſo two 3ds of a Found und ſo on, 
i a Series of FraQions as 44-13: 4-44, c. Now is the Weiphit 
of the Cylinder itſelf was not conſider'd, the proper Way to allo 
for its Friction, if it be not very-heavy, is to double the Power 
Fl. 1j. F. 4-at qnde, & a8 8 in Fig. 2, where A reprefents the Sei 
& Cylinder above menti ion d. Nei d en 5 
II the Cylinder Has'Gudgeons or a ſmall Axib,/ Auch aut te- 
rr 17. F. 3 ꝓreſented in Fig. 5. it will move as much fore eaſily on its Sur 
orters as the Diameter! of the Axis at G and is leſs than t 
Diaineter of the Cylinder has here the Weight added to p 
need be but 1 1 # wlien the Diameter of tlie Axis is but 2 of 
an Iach; E then the "rubbing Parts move {lower than the 
q rt roportion, agreeable to what was fhewn by the third 
Exper is Lecture. The fourth Figure repreſents the 
8 Gion of the Cytirider at , 'afid'of its Axis at g. 

HEN CE we may ktigw'what'difference there is between the Uſe 
of be e Carts för drawing along heavy Goods. If tte Ground 
- cxasipe 1 1 4 even liie a marble Floor it would require 3 of he 

* Aon, 2. W ok of t e Sledge, and all that is laid upomit,todrawIt alon 

4775 buy as och a Plane is not wed in Practice (and if it could 5 5 

1 1 | Ories 


Dot: +or bin, 


d 1 7 pull fe on 4 | we muſt al Lell. 1. 
ways make uſe of 4 We man an pig {the Weight, VV 
But in a Cart, if the. WþS! | b 
the Knave for the End of 


Weight will be able to N it 1 upon. * Tun lane; 
becauſe the 8th Part of 4 is = 7. . therefore ſhould on- 
ly be us'd where Streets are too. narrow for Carts, and where 
Goods in ſmall Parcels are to be laid on and taken off often, for 
the Conveniency of the Men; but the Horſes muſt work the 
harder. This alſo ſhews that bigh Wheels in Carriages are pre: 
ferable to low ones on account 1 their having leſs. Friction, be- 
des the mechanical Advantage which we have conſider d in another 
Place; tho? it is not always. expedient to maks, uſe of es be 5 
n dein Beer: Carts high Wheels Would be inconvenient, beta 
Io reduce all this to Ons 1 8 
culating me hole Friction of Engi 


=y 1. . „ wx 
'q |; F &® PIE 41 IF 
* 8 18 1 100 enſinll 1 N 276 <4 t#% dot 


: fo 7 2 "FE 
a bee ih v. * 7558 A. eee at qc qe 


we od + 1 34 4 | 100 


40 181 


0 44 


In pod a | 


* 955 0 x l oy oy 
elt to the moving Power, . «| a a =P] 
od 2 p : * | 3 x 
£2 F < 11 : z Fa oe F 
3 1 2 V 1 * * 3+ 2 140 wi . 3 * 1 4 E 3 | 
F q * 
FCTTETC {f1} * * 2 OS of 17; 4D 
- # » | * 8 
* 1 #3 SF\fi* + þ 36:4 5 


70 fad the” uf 48 der the; 
the ſame time by the Power _ by N 
ingly take a 


ZE Part, of 3 of the Tower. "As for Re Ser [i 

pk, in 17275 ties of the bing Part, the. Bri 

tion is 3 of the Freſl hich is, made. e not onl t A Jover, 
y the Reliance e 1 1 TAE aber p art 9 

the wn le CPS: tbe 8 Hal 4a 


4 J r L WG F / 4 
\ . 4 7 * 
4 . S nn 1 
. 1 5 8 1 n 7% 71 1% 1 47 A . 
+ ; : 9 : 
* A N 9 a 


aces gone throu 


4s 1 Ef 1 
a 1 5 Z . ; # $97.4 4 5 . 
5 | g , * 
3 Es ons Tr 1 Mr. 
Es x0. © Folk 2.7 FF ; * 1 
7 2 * 7 ; 8 
* 


40 12 WES" : ud 15 1181 4115 60 Fas nl, P81 


e bs repos eng 


Xe 
gt the PoWer 

by mechanical Principles: * Then, by * hin dern ſhewn here, 

Incl Hog the Friction, there muſt. be * much. added to the Power 

e the Engine work ; always * that what ne how 

2 


1887 Iv. 7 added for the Fiction firſt found tops nil n . the 
Etiction, and therefore there muſt ſtill be allow d ſomething for the 

fa Encreaſe of Friction caus d b uy new, Addition'to the Þ Power 
N. B. W = muſt remember, as has been ict before, that if 
| the Power be an heavy Body, its Velocity is its perpendicular 
1 or — * Wy” if of 1 52155 kind, e is its Space 
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''T% HE EY of wh pen Parts of an | ting ine e re- 
mov'd from that Part to which the Power is : pplied ay be 
found by comparing their Velocities with that of the Power, and 
thence deducing the Friction as has been ſhewn ; and when all 
the particular Frictions have been found and added together, their 

Value added to the moving Force will not enable it to overcome 
the Reſiſtance in a compound Engine any more than a ſimple one; 
for that Addition fuperadds a Friction to Ker rubbing Part, there- 
fore we muſt ſtill akon the Power as ſhewn in the laſt Rule. 
An Example will illuſtrate both Caſes. 

N11. F. 3 THE Diameter AB'of an Axis in Peritrochio * is equal to 3 
| Foot, and that of its Axel 2 6 only to ſix Inches; therefore if the 
Power P be = 108 #, the Wei ht or Reſiſtance W will be 
= 643 6. Here the Friction will be 12 # or ; of 72 # if the 
4P1. 17-F.2. Axel e Wren on its Surface, as in Fig. 2.4 Now as 12 is; 5 
of the Power 109, there muſt be added of 12 to overcome the 
Encreaſe of the Friction cauſed by the 12 t, vzz. x + t, and 
then ; of this aſt and fo on; fo that to overcome the Mesure 
2 64 8 it the Power muſt be = 10} +r2+14+2+, Sc. b or 
more than 1214 K. But if the Axel had Gudgeons of Iron CC 
of only o Inch Diameter, the Friction on them would be ſix times 
leſs, be Felocity of their Surface being diminiſh'd in that Propor- 
Il. . F. 6. tion!” Now if tliere be join'd to the Axel 2 another Wheel DE} 
likewiſe of three Foot Diameter with an Axel of fix Inches FG, 
about which the Rope or Chain that ſupports the og: winds 
inſtead of winding about 46, then by mechanical Rules the _ 

At 3000 Þ wt in be inftat ind by t e Femer F of 108 K. 


Et 4 e £ #7 |. TU } Ti ELL abby 
N. Be hire: fuppoſe "the laſt Auel BG #0 have alſo Iron 
* 2” Guageonii" as e f an Inth Diameter, and that ( by _ 
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4 Pry a b SE the Wheel DE) hs ſecond Avis in Peri- Lett. Iv: 
trochio DFcGE it carried round in the Direfion a D, % as WNW 
to draw up the Weight X, ſin times more fowly than it would 
riſe if at W. But the beſt way is to make uſe of a Pinion 
with Leaves (that is a ſmall Wheel with Teeth) to carry round 
ay reat Wheel by its Teeth, as here the T'inion of 12 Leaves 
e Axis ab will carry round the Wheel DF which has 72 
7 Treth (its Diameter being ſix times greater than that of ab:) 
Becauſe a Rope, Strap, or Chain cannot perform its Office with- 
out being made fo tight as not to ſlip, in which Caſe the Preſ- 
ſon caus*d by the Elaſticity would occaſion an additional Friction, 
beſides the additional Reſiſtance made 2 tho Vin there bs 
to bend the Rope, &c. 
To find the Friction of this compound Eng ine, we mild 3 
der all the Parts that rub, viz. firſt C the Gudgeon with „ of the 
Velocity of the Power ; then the Teeth or Strap at 2b, wih 2 + of 
of the Velocity of the Power ; and laſtly, the Gudgeon c of the 
Wheel DE, with ,*, of the Velocity o the Power; which gives 
for the ſeveral Frictions 33 = 2 t, 12 b and e = 
c,332 Gc. W: The Sum of all the Frictions therefore is 14,33 3 Gr. 
by which Number if you divide the Intenſity of the Power or 108. 
you will have for hoy Quotient 7,5 Gr. which will give you a 
Diviſor for every Weight to be added to the Power on account of 
the Friction When therefore you. have added 144333 Sc. for the 
Sum of the Friction you muſt ſuperadd **;2+ = 1,31 for the Frie- 
tion of the firſt additional Weight, — * nz for the Friction 
4 the ſecond . Weight, Se. 'T Ht? in order to raiſe 
X or 3888 # by means of the compound Engine here h 
the Power muſt not be 109 ü + but 124,16 th . 
N. B. Al yo Caſes may be deduced” from ti. 
Th I have, at a „ taken the Friction to be nv 7% a 
third part of the Weight 5 yet by making many Experiments ſauce, 
I found it much to vary, being ſometimes greater and ſometimes 
let; ſo that it is ſtarce poſſible to come at an exatt Theory. 
Ter for Practice, as I have already faid, it is uſeful. to know 
what | Experiments have-been made with 4 eu peiyienie View 
to direct us in the like' Caſes by taking the Mean of the diſſe- 
rent Effects we find. As Coerlag are Machines of the great- 
eft conſequence for the Ofes of Life, I thought it would not be 


Urwebcome here, to enlarge upon the Friction of ſuch I 2 
Oo 


1 Wit 
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an Accounts of ſeveral Experiments made upon Stedger } 
po 2 Carriages by Mr. Camus 4 Gentleman & Lorraine, 
e haue ſincè tried and found to fucrecd in the ſame nan. 
wer in almoſt ever 2 Trial. The' little Differences I vbſeryd be- 
ing unavoidable in Things of this Nature, even when mate þ 
ib ſamo Hand: Tieres cbooſe to giue the Account of then 
in the Author's '0wn Words, — from the French, ;y 
which Language he publiſh*d Þjs Book entitled, Traits des Forces 
mouvantes, pour” la Pratique « des Arts & Metiers, Ge.” Par M. de 
mur. $3 4 "E661 
As there will 9e a Difference i bs the Friction of the Reime Body 
Prot, over different Bodies, it is neceſſary as much as poſſible to 
know what that Difference is, in order to know how to manage 
or apply Forces. Boy this reaſon the following Experiments hape 
been made; in order to find out nearly what Fe Forces or Powers are 
requir'dto draw Weights, or what Foree is loft by Friftion, and 
wat Metal is moſt proper to be us'd, or what Materials; that we 
2 the leaſt we can of the Force of the Power; and wht 
ec Water, Greaſe or Oil have upon different Subſtances. 
Po nx this Purpoſe, we muſt take three Sledges, each of them 
an Inch and an half wide and three Inches long, each Side or bear- 
— Part heing two Lines wide. Different Weights muſt be laid | 
| each Sledge, and they muſt be drawn over flat Bodies of 
different gubſtasces or Metals ; 5 and the following Effects will be 


produce. K E wry Plates 2 ches with ad or 1 Wahich Eng * 
of 8 — and one of Cop e lee them ene 
kat i is, BPd-longwt without being 5 rubb'd upon 

a Stone as the Streets are pav'd wih, that they may be like the 
| Sledges drawn along the Saler, and alſo their Grain may lie the 
fame way as it does in the Holes for Pivots and Gudgeons in Ma- 
chines in regard to the Direction of the Motion. Let theſe Plates 
be be upon a little Plank of Oak with a Nail whoſe Head 
is off, that they may be put on and taken off eaſily one after ano- 
ther | means of an Hole in the End of the Plate. At the End 


2 2 


2D 


nd 


of the fix a little Pulley with very fine Pivots, and let the e 
—_= 9 en Nate be rok ſmooth en one e Side with Fu i 


8 * y * 55 Wy 1 * x 5 : > * ; 5 1 ; 4 p - $ ; C Wt n 1 A 
4 v * 4 ” '& 1 „ % 4 4 y . { £ x "Py" 5 1 1 
\ hs * i *% by s W % 4 : 4 1 „ % 4 Is * * al p 12 ; 9 9 3 * 5 3s 0 
46 ? I. K a 
0 1 5 | | | THEN 
9 3 % 3 o - 
* 5 6 - 


3 9 2 % 1 N . 1 JI * 
Tux UE a light ſilken Purſe with a ſtrang Bilk to run dver L ect. IV. 
the Pulley and draw an Ounee WEight (including the Sledge) then, 
prepare twenty leaden Balls weighthg altogether an Ounce, that 
you my. put into the Purſe ſuch a Number of them that the e 
| 2nd is Lond nay be drawn upon the different Bodies and Mes 
ls. Let there be alſo prepared 20 Balls weighing altogether one 

pound, to draw ſuch a Sledge as ſhall together Witty its Load 
weigh one Pound; as alſo a mird, weighing three Pouhds win 
10 Balls equal in Weight to three Pounds. Let the Siedges be 
dne of Tron, or arm'd with: Iron, as moſt of the Sledges are which = 
are drawn along a Pavement of Pebbles; one of Wood unarmd;; 
the third of Lead, or arnvd with Lead; and a fourth, if you Will, 
Ir you put the Balls gently into the filken Puiſe (or the great 
ones in a Bag of Linnen) ſtoppmg it ſe tht it may not move, 
and then the Board be lifred up at the Pulley End, ſo 4s to rife 
mn Inch in the Length of to Foot, that the Sledge being once in 
Motion may not run ſwiftly, but on ide contrary ma) continent 
lt when it has been ſtopp'd in the running ſoftly at firſt ; but it 
muſt not be kept long in one Place, becauſe there it would ſtick 
or ſink in, and more Force would be required to ſet it going at 
one time than at another. If the Board was ſet horizontal, or 
inclining towards the Pulley, the Experiments would not ſucceed ; 
becauſe the Sledge being once ſet a going would run all at once: 
And therefore we found the beſt Situation of the Board was to- 
have it riſe a little towards the Pulley, and to ſet the Sledge a 
going. Things being thus prepar'd, the Effect of the Experiments 
was as is expreſs'd in the following Tables. „ 
TE firſt Column ſhews the Number of Balls requir'd to draw 
the Sledge dry upon different Subſtances or Metals as ſet down. 
Thus Iron upon Hood, ſignifies the Sledge arm'd with Iron, fli- 
ing upon the wooden Board: [ron upon Iron, the fame Sledge ſli- 
ding upon the Iron Plate; and fo of the reſt: VDpon poliſh'd Braſs, 
ſignifies the ſame Sledge ſliding upon the Braſs rubb'd with the Pu- 
| mice-ftone : And upon poliſp d Copper, the Copper Plate rubb'd 
with the Pumice-ſtone. oe 3 
TAE Columns over which are the Words — wet — greas d 
ol'd — ſignify that the Plates and Sledges being wer, greas'd, or 
14 4, the Sledges were drawn along by the Number of Balls ſpe- 
cited according to the Columns. Thus the firſt Column, where 
„„ ff 
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192 A Conſe of Experimental Philoſophy. 


IV. you find theſe Words Iron upon Wood 5, above which Number i; 

GVYV written Balls, ſignifies that the i which weighs three Pounds, 
ilides upon a Board of Oak with 5 of thoſe Balls, 20 of which wei 

3 Pounds; fo that there is only required one quarter of its Weight 

to make it ſlide along a plan d oaken Board: But if that Board he 

wet, 8 Balls will be required, which ſhews the Friction to be en- 

_ creas'd the Value of 3 Balls: If the Wood be greas'd, 4 Ball; 

anda half will do, which is but little more than half of what is 

requir'd when the Wood is wet: If the Wood be oil'd, there muſt 

2 Balls; and ſo on for all the Columns upon different Me. 

Wx have not ſet down the Number of Balls required for draw. 

„ ing the Weight of one Pound, becauſe the Proportion was found 
„ the ſame as in the 3 Pound Sledges; at leaſt the Difference was 

0 ſcarce perceivable. But for the Sledges weighing one Ounce, we 

give an Account of their Effects, becauſe as they differ from thoſ 

of 3 Pounds, we may the better from their Compariſon deduce the 

Cauſes of Friction and Refiftance, 
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Balls Bal, | Bale 4 Bale 
Iron upon Wood 1 wet— * 10164 5 greas 8 AE 
Iron upon Iroůn 3 [wet — 3 oil'd— 3 greasd— 34 
Iron upon Brass 320 wet — 4 [oil'd— 4 greas d AT 
upon poliſh'd Braſs 3 |wet— 4 | oild—_ 31 greas' Go 4 
3 —— FH we - 43 oibd— 47 Seas d- 41 


Wood u pon n Wood ? 

Wood 25 Iron Fare 3 

upon Mas. _ ;.. 4. 
upon polifh'd Braſs. 42 
upon poliſh d Copper 5 
Lead upon Wood „% Wet — , oil deo | greas' d 4 
Lead upon Iron 7 wet— 6 oil'd , 6. greas'd— 5 

Lead upon Braſs 5 wet — 7 oil d— 3 Sreasd— 5 
upon poliſn d Braſs 6 wet — 8 oil'd— 6 greas 'd— 4+ 


upon Tens Saure 61 wet d ; we 1— 75 Seas d 
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v Ball. 
12. woc prog Wood a 
Wood upon Iron Sreas d= 11 
upon Braſs N Ons 


ubs on poliſh'd Braſs. * 
on Polit Copper 7 
—— — — — — 
Lead upon Wood 7 

Lead upon Iron 


greas'd— 11 
grea $'d— 10 


anger 9: 


2500 how ee Ball, Bal. 
pon Pebl 4 or Lagen vet 13 
ble. . 10 wet- 


. * * 


e Ine -Slodges of an One. 
Balls B 

| Wood upon Pebble 1 340 wet ü 

Iron upon Pebble 9. wet — 1 5 

Lead upon Pebble 15, wet— 15 


4 kat of Three Pounds upon u Sledge hiſt Sites are 
brought to a cutting Edge where they oy, in 4 4 the 


cn Jl ay, as draxen-along' with 2307 I0Þ21 

” Sa - vs Ball 
Iron upon Wood 4 wet 7 off d— 4 \ greas d 
An Iron wha 32 wet 31 oil d greas 8 
Ware —Þ wet — 3 fold 3 1 gra a 


upon_poliliy&Brafs J Were - 32|pild— 3 
e LC ber. 44% er -3zjpil'd— 33 


75 5 11 


Wood upon. Wood 19 wiet— 16: 8 = 2 — 


— 


upon Iron 2 [wet = 7 [oild— 3 
upon Braſs Se 2d E A St.. 6. 40d — - 3 1 


upon poliſh d 1 4 wet — 5 ſoil'd 3 
— : &— 5 oil'd— 41 


An Ounce Load * a ate 5 4" to an E. 


Was drawn 2 3 


lron upon eg 1-7 304 ere: -- 
upon Iron %% l 
upon Braſs. _ 4 [Wet 
upon della Bu 5 [Wet 
upon poliſh'd Copper | 6 et 
55 
Wood upon Wood 9 wet— 1 
upon Iron 4 wet — 1 
upon Braſs 5 wet 
upon poliſh'd Braſs 6 |wet— 
upon poliſh'd Copper 7 -t 


With the ſame cutting Sachen loaded nb three Ports 


Wood upen Pebble 17 wer 16 
Iron upon Pebble 14 Wer ry 
Lead hs mon Pebble 15]: 


—— 


Iron upon Pebble ” 4 wet— 1 12 
Lead _y Pebble 16 | wet— 89 


Fore one - Pound Weig 
For the broad woe 
Fore the broad” 14 | 
For the cutting Tron' Sledge; 5 * Balls: „ 
For: an Ounce Weight with the broad Sledge, 13 Balls, 
For the ſame Weight with | E, Ils. 
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TE different Eſſects of theſe Experiments will alſo admit of 
a different Way of explaining them. As for example, there is 
proportionably more Force requir'd to draw along the little Sledge, 
than the-great one; and that probably becauſe it glues it ſelf or 
ſticks to the Parts to be. overcome, and alſo the Oil or. Greaſe 
ſticking to it become an Obſtacle, inſtead of helping it as they do 
the great Weight, by filling up the Holes in the Wood or Metals, 
their Parts perhaps as they are nt may help as ſo many 
Rollers: As Oil is not ſo hard as Greaſe, it does not ſo much hin- 
der the little Weight, which requires leſs Force to overcome its 
Reſiſtanee than that of the GreaſeQ. „ 
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| 
Fox this reaſon the great Weight runs more eaſily. over the | 
33 than the oiłd Wood ; becauſe the Greaſe being firmer . 

Ils the Pores of the Wood better, and keeps together the little | 
Parts that riſe when it is not greas'd; and which muſt be broken | 
or preſs'd down when there is neither Greaſe nor Oil. This ob- 


liges us to employ more Force, and much more when it is wet; | 
becauſe the Water penetrating into the Wood cauſes the rough Parts 
to riſe, which are fike ſmall Muſhrooms or Grains of Corn that 
one muſt either run over or preſs down flat,” 
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AN p therefore when Wood is wet, as in the wooden Sledge, 

+ there muſt be as much again Force applied as when the Wood 
is dry; and a Force more than double would be requit d if the 

Wood had been long imbib'd in Water, or was of a. Nature to ſuck 

in a great deal of Water and to ſwell. upon that account; and 
though Water does not ſeem to be imbib'd by Metals, yet it 

is very reaſonable to think from theſe Experiments that it does 

in ſome meaſure join and glue them together; which perhaps 
would not happen when heavy Loads are drawn by Horſes, * 8 
is . Eo 5 | | 18 
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As Iron ſometimes appears to run more eaſily over Iron tan 
Braſs, and over Braſs than Copper, the Reaſon ſeems. to be, that 
Iron being harder than Braſs it is leſs liable to yield and fink in; 
and as Copper is ſofter than Braſs, it ſinks more than Braſs, and 
conſequently has more Reſiſtance and Friction than Braſs ; as this 
appears in ſeveral Caſes and ſeveral Sledges ; and 1 
do the ſame in the large ones, of which ours are but as Models: . / 
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COROLLARY v. 


WE muſt not conclude from thence that Greaſe or Oil ſhould 9 5 
not be us d in Engines, tho' here they have ſeem'd of little uſem. EE 
and ſometimes have been an Hindrance, as here in the little Sledge; 
becauſe we know them to be of uſe in great Machines, for two 
Reaſons; becauſe they fill up- the Holes as we ſee; or elſe rolling 
under the Weight facilitate its Motion, and they hinder the Parts 
from wearing or flying off, and beſides they hinder ſuch Parts as 
are broken off; from ſticking to the Work: For if large Machines, 
as large Preſſes and Screws for coining Money, were us'd without 
Greaſe, they would move much harder on account of the ſmall Parts 
that would wear off and ſtick on in other Places, and by that 
means break off more, which would not only make the Engine hard- 
er to move, but wear it out much ſooune r. 


N DYLAN 


Bur tho' Greaſe or Oil ſeems prejudicial ts ſmall Machines, 
their Motion is thereby render'd more equal; and tho? one may 
perceive the Motion to be more difficult, as in Pocket- watches When 

they are oil'd, becauſe then they generally go flower, yet then they: 
| $9 more equally: And it is always an Advantage to have them 


* This is a plain Conſequeme of tbe AttraRion- of Cobefion ; ſor fince ibe Attraction 
Obefion is proportionable to the -Surface ar the [Number of the touching Parts, and the Frie- 
n proportionable to the Weight, the Hindrance or Loſs. of Force on account of the ſaid At- 
action will always be leſs in proportion to the whole Friſtion, as-the Weight encreaſess -. 


clean d 


” A fene and oil'd; for then the I 89 better, and the Holes do a6 
0 a 


ſo ſoon wear wider; the B 
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nce plays better, and is not 
to vary. One might indeed uſe no Oil in ſome ſmall Machines 
which go eaſily and are but ſeldom to be put into Motion. 


CORO LL ARTY VII. 


5 u Uſe of Greaſe is viſible, eſpecially when Wood as aul 
Wood; for then Greaſe makes 2 Motion as eaſy den mach = 
Wi eaſier if the Parts be ky and cutting, as a 
. With te tha Nag the ſharp Ee of e 
COROLAART VII. 


draun along on me not greas'd, 
. N o bn allo) it appears. how uſeful Gocaſe is fon Cu 
Fo heels; eſpecially. in nainy Weather; for if the 
Naves were weth on if there was no Greaſe to binder the Water 
netrating into the Wood, ſoun times the Force would be 
eee a Bupthen, than when it is "m—_ with Greale in 
wW ther, as ma be: ſeen by, the Sledge only of the 
made upon the Axel-tree, hie is ok Tithe — 
bau wich the Reſiſtance: made upon the Ground or the Pavement; 
but beſides that Qbſtagle,. tlie Hale of the Nave would grow con- 
ſiderably bigger; for by its ſwalling che Axel tres would no 
er he fee, and muſt breaꝶ off the Parts in its Way: Them as 
Naye grows; dry the Axel will no longer fill the Hble; the Wie 
will vary and be more liable to ot of in thoſe Jolts thar ha 
as it goes over a ſudden Riſe or falls into a Hole. For theſe Rea- 
ſons therefore it is always well to greaſe Machines. 


COROLLARY . 


Tx o' theſe. Experiments do not: wholly determine every ching 
that relates to very great Weights to be. drawn upon Pebbles, and 
the Motions of great Machines; yet they ſhew us which are the 
_ eaſieſt Metals for moving on one toro As alſo that there arc 
Parts to be ee or broken off in Frictions: That it is mere- 
ly the: Weight and the Motion that cauſe the Reſiſtance and Fric- 
tion, and a the antity; of Surface does. not encreaſe it when 
the be Pa ts that rub an bear do not move Iwitter ; for tho * . 
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goss with more. difficulty in feveral Cafes, it is not to be L cr. IV. 
— 2 d as if that way of making it would ſerve to avoid or eaſe (VV 
e but as an or a Saw which penetrates into the 
Body of Metals or Bodies to be cut; and if it appears to flide 
more eaſily upon Wood, it is on account of the Grain of the Wood, 
and the Way being once mark'd it follows the Grain as in a Path, 

and then it has fewer Paths to preſs down or overcome; but on 
Clay which has no Grain, or upon Pebbles, it goes much harder, 
becauſe the Obſtaeles to be remov'd are greater, as it ſinks more | 
P flat. RE 


c OEL ant * 


By this one muy fee tir it is pofftble to encreaſe Friction, by 
making the moveable Parts ſo Gmail that they will p nin and 
wh off Parts of what they bear upon, a i may fs pett to the 
pots in Watches, if they fhould be too ſma 1 * then they . 
| would ſoon: make the Holes too big; as likewife im Stet 
_ marrow a Bar of Iron be put on, thinking 2 

Nidion on ee and fi in other Cafes. 


"COROLLART. XL 


Hemer * be eafffy conceir'd' thar the Borrtom . e 
ought to- be Broad, and it is better ro ſſe them with two broad 
Hates of Tun under eacft Piece, than only one narrow one; and 
when the Streets are dry, it would be more advantageous to Have 
no Iron at all, the Experiment ſhewing that Wood will {lide bet- 
ter) which fill appears more probable, becauſe the little Sledge of 
one Ounce (with its Load) ſlides more. eaſily, upon the 7 Ee” 
Stones khan tile great one; whereas it goes with more difficulty 
on other Oecaſions, by reaſon of its wk in ſome meaſure el 
18 its cloſe Coheſic echt 1 


COROLEART A 


| Baſics : this Experi nent,” one” may alſo infer” that the cla me 
will be the eafler in dry Weather with the wooden Sledge; be- 
cauſe when Stone duſt is ſtrewyd befbre Sledges, the Draught i 85 
eiſier by one th part, whether it be upon Wood, upon Iron, or 
18 Braſs: And as there are always Fall Parts rubb'd off HOW. bj; 
the 


if tod 
fo lef en the . 
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IV. the Stones of the Pavement. by the N ails of the Wheels and the 
LY Horſes Sh es, beiides the Duſt at that time; all which Things 


Will facilitate Motion, as may be known by making a Compari. 
ſon with the Experiment in which neither Stone-duft nor other 
„ . Vis or 


COROLLARY xn 


As for the Iron Sledge, it is evident that it would go moſt ez. 
fily in rainy Weather; but if it was dry Weather and the Paye. 
ment not wet, it would be worth while to try with the Sledge 
itſelf (not in Model) whether then it might not be as well not 
to wet the Pavement, as is commonly done by a little Barrel full 
of Water laid upon the Sledge with two little Holes for the Wa. 
ter to run out and wet the Pavement and the Sledge. For tho it 
is certain that if the Sledge and Pavement were ſufficiently wet, 

all would go eaſier; it is very . probable that it is better not to 
wet them at all, than to wet them ſo imperfectly as only to make a 

kind of ' Dirt and Lumps that may prove an Hindrance. There 
would not be ſo many Parts for the Iron of the Sledge to remove 
in running its Length, as was obſerv'd by the Experiment on the 
ſmall one, which running twice over the fame Track, goes much 
more eaſily the ſecond time than the firſt. * This may alſo be ob- 

ſerv'd in whetting a Knife, which {lides eaſily over the W hetitone 
after having rubb d it over once or twice when the Stone is dry, 
and fo wears but a little; whereas it rubs hard and wears much 
when the Stone is wet. „„ ot ras 
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Wx don't ſpeak of the Leaden Sledge; which we only usd 
for Curioſity, and to ſhew that Parts are broken off by Friction, 
and that Lead cauſes moſt Reſiſtance in many Caſes, where Pi- 
vots or Arbors are made to turn upon Lead or Pewter. | 

ALL the foregoing Experiments are of Uſe to dire& us how 
to chooſe Matters or Subſtances to make uſe of, and how to cal- 
culate the Force according to the Weight and the Motion which 
the rubbing Parts will have Thoſe that would try theſe Expe- 
riments over again out of Curioſity, muſt take care to make them 
in the ſame Order; firſt, all thoſe that are dry, then thoſe that 

V 


„ 1 S 


5 : ; , * 1 ö © A 5 


Greaſe filling up the Pores, the Effects of the Gil would only be 
like thoſe of the Greaſe, eſpecially when we make uſe of Wood, 
which muſt, after having been wet, be ſuffer'd to be quite dry, 
and new plan'd again, before it be anointed with Oil or Greaſe. 
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are wet, next thoſe that are oil'd, and laſtly thoſe that are greas'd Lect. IV. 


Se 
- 
9 
8 


becauſe if the Machines were greas'd before they were oil'd, the 


T ro? I have in the Notes to my laſt Lecture * mathematical -“ Lect. 3. 
y 


ly conſiderd the Effects of high and low Wheels, and compar” 


i&, 


em together; yet as Coaches, Waggons and Carts, and other 


Wheel-carriages are ſo neceſſary for the Uſes of Life, that only 
the Diſuſe of them for one Month would be enough to put a 


whole Nation in Confufien, I ſhall here again give an account of 
ſome more of M. de Camns's Experiments and Reaſonings about 


them, being well fatisfied of the Truth he afferts from my own 


Experiments, and having found his Experiments to anſwer as near 


Ann. 1. 


as can be expected in Machines that have ſo much Friction as 


Models of Carts and Waggons. I have indeed a Machine with 


Braſs Wheels, whoſe Steel Axes have very ſmall Pivots, fo 
nicely made that any of the Wheels once ſet in motion will turn 


upon their Axes for the Space of more than half an Hour, making 


ſeveral hundred Revolutions before they ſtop ; but the Uſe of my 
Machine being chiefly to ſhew how near thoſe kinds of Experi- 
ments may be brought to agree with a mathematical Theory; 

we cannot expect that any Carriage to bear Weight can have fo 


little Friction: + Therefore I chooſe rather to relate M. de Camus s f Ann. 3. 
Experiments made on Models of Carriages of an Inch to a Foot, 


every way repreſenting Carts and Waggons, and liable to as much 
Friction in proportion to this Bigneſs; becauſe it ſhews us direQ- 


ly what is the real Friction in the Carriages at preſent in uſe, In 


the manner of remedying Friction I ſhall add ſome of my own 
Conſiderations and Obſervations to his. 
I begin here with his 24th Propoſition, Sect. 5. of his 


| PrxoroSITION XXIV. 
The Wheels of Carriages muſt be exatfly round, and the Felhes 


3 12 


* 


at right Angles to the Næaues, according to "the Inclination of 


the Spokes. © 3 6 
IT is a general Rule in all Caſes, that the Wheels be exactly 


round; for if they were not ſo but like E F GH, || and the Nave I. 7. F. 7. 
a Ds e out 
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 Le&. IV. out of the Center ; it is certain that ſuch a Wheel, in turning, 
.SYV would be affected in the ſame manner upon plane Ground, as other 


Wheels are when they riſe and fall, and would not be in Equi. 
libris; the Wheel turning towards H would move with as much 


difficulty, as if there was a Riſe to aſcend, and that Height being 
paſs d, it would fall on the ſudden as if a ſquare Stone was rolbd 
along, and the Jolts of the Wheel would precipitate and puſh yo 


Horſes at one time, and immediately encreaſe their Diffcul 
drawing the next Moment; and that in proportion to the W 2 
being out of round: Su poſe tlie Wheels'to be without Angles, 

nay truly round; yet if the Nave ſhould: not be in the middle, 


. l . F. 7-the ſhorteſt Part, as * F being upon the Ground, when ſuch a Whed 


begins to turn the Weight muſt be rais'd in the ſame manner as 
when another Carriage 5 gong _ an Hill, and from F to D of 
quite to G the "Wheel wont like a 8 and at D or G 
it would fall and drive on the Horſes às in a ſteep Deſcent; ſo that 
Horſes. or Oxen would be as much tir'd with ſuch Wheels upon 
even Ground, as in ſtraining to climb up Hill, or to bear the Shock 
of a ſteep Deſcent ; and this would moſtly affect the Tiller or 
Horſe 5 to the Wheels: Therefore Wheels ought to be exaQ- 
0 round, and the Naves and Fla of the Naves _— in the 

enter of the Wheels: 

Seconuly, IT HA Fellies muſt not elk wink, but be n right An- 
ples with the. Naves ee to the Inclination of the Spokes, 
that is, the Plane of the Circle of the Wheel, which paſſes thro 


the Fellies, muſt cut the Nave at right Angles, tho? it need not 


s through the Place where the Spokes are inſerted into the Nave; 
or 1 the Wheel, in turning, Would find Inequalities, as it 
happens when the Hole of the Nave is too big, and tlie Wheel 
moves from Side to Side, which comes to the lame as if the Wheel 
was out of round: and then the Inequality of the Spokes which 


would be too leaning or too ſtrait upon the Nave de cending into 


an Hole or riſing upon an Eminence oppoſite to their Inclination, 
would cauſe them or the Fellies to break. Therefore the Wheels 


of Carriages muſt be exactly round, and the Curves of the Wheels, 
or ie at en Angles to the N aves. 
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1 EN OE follows, that where Wheels are not hokk mk Ira, 
great Care muſt be taken to fix Wood to the elles i in =o to 
= 


keep ih ITY and that markings] is ved by uſing no Iron; for Leg. IV. 
if in ſuch Places Wheels wear but little, becauſe they only go upon A 
Earth, it would only be making the Iron Plates thin, Which would 
then coſt but little; and that Expence once over, the Wheels 
would be preſerv'd longer and more Work would be done, ſo as 
to make the Gain far exceed the Expence. Whereas in Countries 
where they do not ſhoe Wheels with Eon or ſecure them with 

Wood, the Wheels wear ſo as at laſt to be oy 1 uare than 
round, and thereby the Horſes or Oxen being ver ch fatigu d, 
hardly do half the Work that ny" would d Fe e held. wee 
ory rey Wire ne we e 
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1127p Spokes muſt be inclin'd 70 the Naves, that the inen 
may gk diſhing, or concave, 
Ir Wheels always turn'd upon ſmooth and even Grund, it is 
certain that the Spokes ought to be ſtrait upon the Nayes, that 
is, at right Angles to their Axes ; becauſe then they would bear 
_ perpendicularly, like the Spokes 'B of the Nave AC Which f Pl. 15. Fs. 
the ſtrongeſt Way for Wes: But becauſe the Ground is unequ 5 
and when the Wheels fall into the Ruts, that Wheel which is 
in the Rut bears a greater part of the Weight, than the other, 
becauſe it is lower (as we have demonſtrated it) in ſuch A 
Caſe, the Spokes of a diſhing Wheel become perpendicular in, the 
Rut, and therefore have the greateſt Senn whill the oppoſite 
Wheel being upon higher Ground bears a leſs part of the Weight, 
and conſec 12 y the Spokes need not be at their full Strength, 
and ſo wi . a ſufficient Force tho” that Force be lefs.t an 
what they — upon even Ground. The Spokes therefore ought 
to be pnehn'd, to make the bk dia NS) as 15 the uſual EU: 
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The 3 guſt be ſtreight in al r . and at ea, 
Angles to the Shafts or to be Pole, Wh g | 


IM the Motion of all Bodies, there is one Wa 
which is tlie eaſieſt of all the reſt ; and 2 hay pens here when * 
| Axel-tree 1 is every way ftreight.- For if its are ſhould bend * 1 
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ward, ſo as to bring the Wheels nearer together behind as A E *, 
and ſpread them much before as D C, it is certain that they could 
not go into the Ruts nor turn in going forward, or at leaſt with 


bring them nearer the Pole as IF,+ and make them ſpread behind 
as at BD. The leſs the Axel is bent, the leſs the Inconveniency; 


but there will always be ſome, when the Wheels are not parallel, 
therefore the Axel ought not to be bent at all. 4 hs Bots 


Fig. 9. 


Fig. 10. 


1 Fig. 9. 


Spokes, C being the long Arm, the Center of Motion at one End 


and the Weight would tend to cruſh the Wheels, and there would 
be a Difficulty in turning: Beſides, they would bear but on the 
3 cutting by their ſmall bearing. 


Fig. 9. 


Ir the Wheels ſpread outwards as DCI, or inwards as IF, 
there will ſtill be three other Inconveniencies. If the Axel bends 


outwards ſo that DC * bears upon the Ground, the Way will be 


too wide ; it will be hard to turn; and the Weight being drawn 


forward will cruſh the Wheel, the Length of the Spoke CH + in 


that Caſe acting as the Arm of a Leaver to break the Axel or the 
of the Nave, and the ſhort Arm at the other. If the Axel be 6 


bent as to bring the Wheels inwards as at I and F,“ the fame three 


Inconveniencies would happen; the Way would be toe narrow, 


Edge of the Iron and 
Therefore as ſuch Inconveniencies will happen more or leſs ac- 
cording to the bending of the Axel; it ſhould not be bent at all. 


But there will be no Inconveniency when the Axel is ftreight and 


the Wheels are in the Situation OP, A D. T By this means the 


Wheels will have Liberty as they go along; but otherwiſe, tho? 
a Wheel when off of the Ground might turn upon the Axel, yet 
when on the Ground and drawn at H., it would only drag. 

THE Axel muſt alſo be at right Angles to the Pole or Shaft; 


for if the Pole or Shafts were on one ſide as at B, the Coach or 
Carriage would be drawn on one ſide, and almoſt all the Weight 


would bear upon one Horſe; but it muſt be at right Angles like 
the Pole G,“ as has been ſaid before. Therefore the Axel-trees of 
1 2 muſt be ſtreight, and at right Angles to the Pole or 


.* Vig. 11. 


I Tu Is ſhews the Inconveniency of thoſe Coaches, whoſe Axels 
are bent ſo as to make the Wheels ſpread upwards that they may not 


touch 


reat difficulty, dragging inſtead of rolling : There would be the 
ame Inconveniencies in bending the Axel-tree forward, fo as to 


— —_ Cw yz ww wy eo - ee 
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2. 


touch the Braces; for this brings on all the Inchnyenicncles idee Lea, IV. 
mention d, and the Coaches are more liable to turn over, becauſe —v= 


the Way is narrow'd, and. oy, 80 into the Coach-houſes Wich 
more difficulty ſpreading at , the Tops of the Wheels being 


more aſunder than if the Nel dn Was ke 5 1 oe they 1555 
iable ro break; and then 


ainſt any thing at top, they are more 
lewile the rolling of the Wheels is hinder'd ; therefore i it would 


de better to bring in the Braces : nearer together, or ſet * * 


25 1 815 furthe r aſunder. eg Gar ah 
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1. H1s Way o bending the Axel does. allo bites uſeles tie 


FR in'd by diſhing the Wheels, as has been explain'd : 
for in this oo the Spokes of both Whezls bear perpendicularly at 


the ſame time as if they had not been inclin'd to the Nave; and 


when a Wheel comes into an Hole'or deep Rut, the Spokes being 
| no longer perpendicular, it is more liable to be cruſh'd by the 
Weight. This makes the Wheels and Axel trees more ſubject to 
break, and the Spokes to be looſe or break.” Nay, in even Ground 


they cut more, and' bear on the Edge of the Tron Plate, as one 
may obferve in ſuch Wheels that the ſhoeing is more worn out- 


wardly than inwardly”; and this occaſions their Hiding the more 
upon paved Streets. e e alt reans ak "MEH | 


Poren XXVII. 
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4 
8 3 2 $ 14 13 
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5 


e Hind: el as not tas” or pt} 'he F. e "ie 
7 Fil once bee ever ro high, and the F ore- heels ever 
In ſome of the At 5 


ſented with four Wheels all high and equal. In ſome Countries 


where Faſhions ſeldom change, they {till retain thoſe forts of 


Wheels. People, in all proba ility, lower'd the Fore- wheels in 


order to turn the more eaſily becauſe of the Shafts being in the 

Way. The Pore-wheels' have alſo been tower'dftill more in Coa- 
ches by reaſon of the Braces which in ſome meaſure. hinder the 
a ſhort, and are liable to be cut by the Wheels: Afterwards 
ee have been invented for turning yet ſhorter, and by 
legrees the Wheels made low enough to 85 quite under the * 
of 
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loaded becauſe they are lower than the Hind-wheels; bur it dos 


A © 2Þ pr ain, ©, ob wy as a1, 1 
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Wheels and low Fore-wheels go. 
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Ir the Hind-wheels could, by their greater Height, drive the 
Fore ones, it would follow that a Coach or Carriage would go 
with moſt difficulty When the high Wheels go foremoſt by ma- 
king the Horſes draw behind. Now let a E be made in 
Model with Hind-wheels of five Inches, and Fore- wheels of to 
Inches and three Lines, Which is the common Size, if we take al 
Inch for a Foot (tho? ſome Hind as well as Fore-Whesls are leſßs in 


- 
$ 


Freer 


2  - 


8 * 


Proportion) and let this Carriage or Waggon be (et, upon a ſmootl 
Board, and loaded in the middle with five Pound Weight of Lead; 
4 14 AF 7 $12 Th 1 n+ 5 3.34 She nd 43 + {36 Whew | | hich 
let a ſmall Pulley be fix d at the End. of the Board, over wii 
runs a: filken Thread faften d at one End. to the Waggon and af tl 
ether to a Scale, or. à little Einen Bag to,;receive, Leaden Balls 
draw the Leaded. Waggon by their Weight. The fame ei 
that draws the Waggon with the mall Wheels foremoſt, will 2 
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aw it with tlie great 
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belle forentioſt; provided! the r N 


he in the fame baby on in both Cafes: £ 
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This ſhews that chere ff no driwing whatever: Difference of Height 9 
* þ wi 1 
there be in the 1 even v 199 8 and ſmooth 
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It. follows that this Notion of driving muſt 3 been om 
ſme Workmen who thought the Caſe to be parallel between a 
Carriage upon an inclin'd Plane, and one with high Hind-wheels 
and low Fore- wheels, tho? on an Horizontal Plane; but the Caſe 
is very different, for on an inclind Plane the Line of Direct 
2 out of the Baſe, and the Equilibrium" is loſt; therefore 

the Carriage Will roll rill it finds it or meets with ſome Obfta- 
de that redutes it to an Æuilibrium. This would do — 
fame! in one or co Wheels/as well as in four, if te 
broad enough to ſupport it ſelf. If this-d call e ing, a Cart 
tho'-it has bur eo Wee _ hat N. 45 1 Lock Ao ich or 
vagne'” 4/91 BL 9107 | 
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11 K now's good Objedtion cofay; that the e Wbeel 8 
in Motion continues to move N 25 than the ſmall Wheel, and ſo 
drives it; for upon the Ground the Refiſtance is much greater than 
ſach an Impulſion. For if e give by Force ſome Degree of Ve- 
locity to a Waggon on plane Ground) but ſuch as may let it fink 
in ever ſo little, as in wer Weather or upon ſoſt Ground, not ſo 
hard as Pavement, as ſoon as the Forte ceaſes to act, tlie be | 
vill ſtand quite ſtill, hieß ſhows the Fhad-whoels' do not five 
ven in that Cue e KID 299 FI W o . 
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h wr 23 Bube THIS 18101 e 
54.1 0b 134 BEI 0 Place, 2 * 722 961 fits iy * 7 5 
Tia we edna the Thing upon a Pavement; be it ev e 
ren, or upon rough Ground With Rites and Tals; let che Wag. 
gon be ſo placd as to have the high Wheels 1 N the higher 
Ground, then indeed the w Waggon will run down, and they will 
em to drive the low Wheels; but then in Tiſing again, the Views 
heels will drive the Hind ones, and the Waggon will run 1 
wards : 
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Philoſophy: 


Led. W. wards: 1 To. 48 Fu the great wn i more eaſily w 
AV drive the better, only the gre that the Waggon will go Ke 
all the Wheels are = and that * W . roll better 
than if there were two ittle, Au 2h) ell Wheels before 
do not (whatever Way you conlider t them clitate the Motion 
of a Car Og. | 


. ＋ 3 A 3 18. 
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HB TR 50 09 POS; eh © $6217; Ws 43 
7 1G neat 5 heels ane always ae 3 . rolling ther 
little ones, any Caſe, or upos any; Ground whatever, 

TAE Wheels * Carriages: are conſiderd according to the Ve- 
locity and Friction they — upon the Axel - tree, and likewiſe ac- 

cording to their Reſiſtance or Sinking in upon the Ground. If we 

conſider them according to the Friction, it is certain that a Wheel 

whoſe Diameter is double that of another, will make but one Tun, 

whilſt the little one makes two, for the fame Length of Way, the 

 Circumference (which is in proportion to the Diameter) being 

double: Therefore in reſpe& to Friction, a Wheel of double the 

Diameter will have a double Advantage, there being but one Turn 

inſtead of two, which-doubles the- Friction in the ſmall Wheel. 

0 11.F.12, The Wheel ABC* being twice as big as the Wheel DEF, will | 

ind 13: have twice the Advantage « +3. Jon th Fridtion, the Holes of | 
the Naves and the Axels being equal. 

Ix we conſider the Wheels e ing as thay: ſink into the Earth 
or fall into Holes, there will be ng fame Advantage for the 
one and Inconvenieney for the other: If we. conſider the bearing, 

it is double in the great Wheel, therefore it will ſink. but half the 
Way; and if we conſider Hollows, it will give the fame Advan- 

tage in ſome Caſes; but then in others (as for example, where 

the Holes are deep) the little Wheel will have much more Diſad- 

4 L. 3. Ann. vantage; + for if it ſhould fall into a great Hole as DE, of : 
Pik. 5 Diameter equal to that of the Wheel, it would wholly fink in, 
s z. whilſt the great Wheel would only fall in the Dep th of its Seg- 
Fig. 12. ment AB, which would not ba half the Wheel. as is ealy to 
F. ia & 13. he underſtood by the two parallel Lines A D and B E: + We 1 
ſuppoſe the ſame to happen in marſhy Grounds where the little 
Wheel would ſink who iy» in the ſame Hole that the ae ehe a 

ee eren but 3 in . + l li leer ei ſe di 
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Top than the Segment or the Chord of the great one, and there 
mult be a third more Force to overcome the Rub. If the Rub be 


ſomething which muſt be broken or cruſh'd, wholly or in part, 


there will be the ſame Proportion and the Circumference of the 


Wheel making a fort of Wedge or inclin'd Plain, it will be ſhort- 


er or leſs acute in the ſmall than in the great Wheel, fo that the 
Effort muft be greater to overcome it all at once, And if the 
Rubs are only Riſes and Falls of Ground, there will, for the ſame 
Reaſon, be more Difficulty for the little than the great Wheel. 
Conſequently great Wheels are better for rolling than little ones 
on any Occaſion or upon any Ground whatſoever. HE CO 


HENCE it tollows that if a Wheel be only one Inch in Dia- 
meter, or in Height, more than another, it will have more Ad- 


vantage; and that the higher Wheels are, the more advantageous 


they are in proportion, provided they are not too high, that is, 
not above five or ſix Foot high; for if they ſhould exceed that 


1 they would themſelves become a great Weight, or if 
ma 


de light, then they would be too weak and ſubject to break on 
account of the great Length of the Spokes ; beſides, with ſuch 
Wheels - Horſes would be hinder'd from exerting their utmoſt 
Strength by having the Axel-tree higher than their Breaſt; fo 
that they would draw downwards, eſpecially if the Horſes are not 
very tall; as in little Wheels the Draught is made more difficult 
by the Horſes drawing upwards : Por to deviate from an horizon- 
tal Line of Direction by drawing either upwards or downwards, 
is inconvenient for the Horſes, as will appear more plainly by the 


following Experiments. 
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 CARRIAGES with four Wheels,” as Waggons or Coaches, 
are much more advantageous than Carriages th two Wheels, 
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Left. V. WHAT we are to conſider in Carriages is the Advantage which: 

they have one more than another in rolling, and the manner of 
applying Horſes or Oxen in ſuch a way as they may be the leaſt. 

_ tubject to tire, and that they may draw. with the greateſt Advan- 
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tage. Now in apply ing Horſes to a Cart with two. Wheels, it is 
lain that the Tiller carries part of the Weight in what manner 
loever the Weight is in AMquilibrio upon the Axel; for in going 


down an Hill the Weight bears upon the Horfe, and in goi 
up Hill the Weight falls the other Way and lifts the Horſe (that 


is, pulls him upwards) which takes away great 7 of his Force ; 
and if to avoid this laſt Inconveniency, the worſ 


as well as drawing: Beſides, as in the Holes in the Road ſome- 
times one Wheel ſinks in and ſometimes another, the Shafts ſtrike 


againſt the Tiller's Flanks, which is the Deſtruction of many 
Horſes. . „ 3 
MoR EO VER as in a Cart the whole Weight bears intirely up- 
on two Wheels, when one of them ſinks into an Hole or Rut, 


half the Weight falls that Way, and to draw the Wheel out of the 


the Labour is greater than when the four Wheels of a Waggon 


ble Force muſt be us d to dra out half the Weight: If two Where 


Hole, half the Weight muſt be drawn, out; if it be upon ſoſt 


fink upon the ſame Ground, becauſe the Weight being diſtribu- 
ted upon four Wheels muſt make them ſink leſs than if it was on- 
ly. ſupported by) two.; and in Holes where one Wheel only ſinks 
in at a; time, there is only a quarter of the Weight to be dravun 
out, but half when we os the Cart, in which caſe theretore-a dau- 


— * 


of a Waggon fall at once into an Hole, then only half the Weight 


is to be drawn out, but the whole Weight willen we uſe tlie Cart; 


and in, the Riſes and Falls upon Pavemient, as in croſſing a Ken- 


nel in a Waggon, an Aquilib rium is often made between the Hind 
and Fore wheels, thoſe in coming down helping theſe to rife as 


they are juſt got over the Kennel ; and if this happens only on 


one ſide, there will be the ſame Help; but in a Cart it would 
happen otherwiſe, for one of the Shafts would ſtrike the Tiller in 


the Flank. As for the Objection, that there is leſs Friction upon 


two Wheels than four. (which very likely; has been the Reaſon; for 
preferring, Carts to W aggons is wholly talk, for wie have ſhe wn 
that there is as much Friction upon two Whesls as upon Foun, if 
there be the ſame ſiz d Hole in the Nave, and the Weight N the 
PEAW © 016, 18 1 


> lat t of the two, the 
Weight be put forward, the Horſe will the ſooner tire for carrying 
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fame. On the contrary, there will be rather more in the Uſe of LeR. IV. 
the Cart; becauſe as all the Weight bears upon two Points the VV. 

{mall Parts will be more liable to be torn off, the wearing being 

double; and if the Load on the Waggon be not greater than on 

the Cart, by making the Axels and Holes of the Naves leſs, it will 

have ſtill leſs Friction; but the Friction (or at leaſt that Difference 

of it) being but little when the Wheels are well greas d, it is not 

worth Notice. Beſides, the Advantage ſhewn in the Uſe of four 

Wheels, we muſt have Regard to the Till-Horſes which carry as 

well as draw in the Cart, but in the Waggon exert more Strength 

to draw, and yet laſt longer becauſe they are not hang'd on the 

Sides. Therefore four-wheePF'd Carriages, as Coaches and Wag- 

gons, are more advantageous than Carts and Chaiſes. 


% Fo e er om XA : 
IT wonld be much more advantageous to make the four Wheels 


of a Coach or Waggon large and nearly of a Height, than to 
make the Fore-wheels of only half the Diameter of the Hind. 


wheels, as is uſual in many Places. 


Ir there be ſome Conveniency for turning in making the Fore- 
wheels of Coaches or Waggons as little again as the Hind-wheels, 
there is a very great Diſadvantage, becauſe half the Force is loſt 
that would be effectual if they were large, according to the 26th 
Propoſit ion. The Jolts alſo are greater When we uſe little Wheels, 
becauſe they fink as low again in the Holes and Hollows of the 
Pavement, and therefore muſt jump as high again; and this, no 
doubt, has brought People to contrive Springs to avoid the jolting, 
but at the fame time it 1 made Coaches more apt to overthrow 
dy raiſing the Body of the Coach the higher to place the Springs 
/t / RT RI 
BEST DES theſe Diſadvantages, Horſes that draw upwards tire 
ſooner and grow more ſtiff in the Hams ; and this is the Reaſon 
that Horſes that. have been us'd to a Coach are no longer fit to Ls 
be ridden, tiring their Riders. very much, which would not happen 
if the Fore-wheels were high, and the Points where the Traces 
are fixd were as high, as their , Breaſt, ſo as to draw in Lines pa- 
rallel to the Ground, as Cart-horſes commonly do, and thereby gain 
fo much as to overcome the Diſadvantages that Carts otherwiſe 
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A Conſe of Ex per im ental P hulofophy. 


. Tr1s Advantage of Carts would ceaſe if the four Wheels of 
a Waggon were equal, and then one would have the above-men- 
tion'd Advantages alſo of four Wheels over two. Some object, 
that the Horſes drawing upwards. lift the Coaches out of the Dirt 
and eaſe the Weight; but if they do, then they carry a Part of 
the Weight; and as Horſes one with another are. able to carry but 
2co i, but can draw near 1000-t, on a WV OL: Hs Way muſt 
tire them more than fair drawing when the Traces are parallel to 
the Ground; therefore it is beſt to have all the Wheels of a Coach 
BN 2nd Canal Bo. ads. ane #47) 11 1 as ew 
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TEE following Experiments will confirm what I Have been 
explaining. Let us make uſe of a little Waggon or Model of 
an Inch to a Foot reprefented in the ſeventeenth Figure of the 
ſeventeenth Plate, with the four Wheels of five Inches and nine 
Lines, and ſo contriv'd that one may put on Wheels of diffe- 


rent Diameters; as for example, Four of 5 Inches, Fwo of 


2 Inches 3 Lines, Two others of 3 Inches, and let them have 


4» 


Naves, Spokes, and Fellies in proportion, to repreſent the Wheels 
of a Coach or Waggon. Let them be chang'd one after another, 


the Waggon * DB being always loaded with the ſame Weight A 


of 5. #, and drawn by means of a ſilken Thread running over a 


Pulley, with a little Bag or Scale of a Balance to put in Balls for 
the different Wheels, according as they are to run on even Ground 


upon Earth, Sand, or Pavement. The Board AF muſt be of Oak, 


three Foot long, plan'd on one Side, and carv'd on the other to 


imitate the Pavements and the Kennels of Streets: The paving 
Stones muſt be of 7 or 8 Lines inſtead of 7 or 8 Inches, reducing 


them from Inches to Lines, as the Wheels are reduc'd from Feet to 
Inches. It muſt be ſo contriv'd, that the Pulley may be turn'd to 


either Side of the Board, - The whole being E diipgs'd, the Bape- | 


To repreſent a Cart we hang in AÆquilibrio under an; Axel- 


tree, the ſame Weight A of 5 tb, and a Pole only is made faſt 


to the Axel-tree to tye the String to it, which makes the Cart three 
times lighter than the Waggon in making the Experiments; for 


*© 


the Waggon has an Axel-tree and two Wheels and Shafts more 


; 


£ 


than the Cart; and the full Wheels of; Inches and 5 Lines weigh 


twice as much as the Five-inch Wheels with Spokes. © 


+ 
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To draw the Load of 5 # upon the ſmooth Side of the Board Lect. IV. 


"Balls 
With the Four Wheels py Five Inches — 1 
With the Two little Wheels before A fp 


With the Wheels of Three Inches before _— 


For the Cart and the ſame 2 a. ey 
With the Wheels of Five Inches 3 


With the Two little Wheels —————— 34 


With the Two Wheel of Three aches N nf „ 


With the Wa gon upon very moi Earth.” 


Withthe Fourbi ggeſt Wheels, 2 Lines wide or thick 
With the ſame narrower and almoſt cutting — 1 *. 


With the Four of Five Inches, 'F hree Lines wide 8: 


With the Two leaſt beſore 0 e eee 
With the Two of Three Inches before. 3 - 


F or the Cart upon the ſame. E 15 


With the Two great Wheels ET. 2% 92 


With the Two leaſt —— — — 18 
With the Two of Three Inches | —— 13 


F or the . gon upon dry La 51 


Wich the Four Whdtlsvf-Blve nde 4 — 
With the leaſt Wheels before . 
With the N of Three Inches before — 35 
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laid level with the four great Wheels, each of '5 Inches 9 Lines in ww 
Diameter, there is occaſion but for three b of a. Baſt. 


For the. Weight of Fir 2 Pandi . the Wa Varus. 


- 
1 
* « ih 5 
1 * 
Wi 


* 


4 Curſe of E perinemal Pri wh. 


in the Two Wheels of Five Inches — EEE 40 


Es the Cart u & Sand + 1; 
1 4 Balls 


When it to 1p? d with 39 Balls, I was obig; to add 10 
more Balls to make it move from that Stop. 


Fur the ii con upon un Sand. 


* e wee On 


With the Four Wheels of Five Inches ——— 14 


With the Two leaſt Wheels before — ———— 28 


With the Wheels of 'Three Inches before —— 17 


For the Cart upon wet Sand. 


Wich the Two Wheels of Five Inches 5 . 17 * 


With the Two Wheels & . hree Inches — — 24 


1. overcome an Auen or. Rub of Tus — 4 the 


Mag 5%. 


With the Four Wheels of Five Inches | a ys 


With the Two leaft Wheels before 


6 d te © 30 
; 


With the Wheels of Three Inches bene — 25 


Half the Number of Bal. wil do when only 0 one Wheel 
Fact uu the Rus... dal 26: 


: Bs the Cart to go duer e 7 


With the Two Wheels of Five Inches 
With the Two leaſt Wheels 


With the Two Wheels of The ke 


For rhe Wagon to) creme an Height of Line 


With the Four Wheels of Five Inches I * 
With the Two leaſt Wheels before — 2 


; With the Two Wheels of Three Inches before — yy" 


For 


| f. m 


| Per imen e tal 2 9 16 


For the Cart 2 9g over the Wr Rub. A 
Bale 
with the Two Sha Five che, — "ne ; 
With the Two leaſt Wheels“ 38 


With the Two — Three N — * 


For the W aggon to come out of a Hole, as if” a paving Stone: - a 
ö wanting under each W beel. 


With the Four Wheels of Five Inches — Ky 5 
With the Two leaſt Wheels before ————— 18 
With the Two Wheels of Three Inches 14 

If the Weight be laid upon the little Wheels before, 
do come out of the ſame Hole, we muſt put in F 
But if it be laid upon the Hind-wheels and the 
Ground even, only . 3 


W 


1 the Cart to be drawn out of 72 ſome; Hole N 


With the Two Wheels of Five Inches 180 * 
With the Two leaſt Wheels —————— 34 
With the 'Two Wheels of Three Inches — 25 


For the Wagg an to be 3 from an Hale, as out ut of the. 
Channel or Kennel of tbe Pavement.” 


With the Four Wheels of Five Inches . Is 
alien the 'Two leaſt Wheels before — 


Fo or RE. the Ce ark out of the fone Ale. 


With the Two Wheels of Five — — 2. 5 
With the Two leaſt Wheels . 
W the ore nec ae 
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Experimental Philoſophy. 


For the Waggon upon the Pavement. 


With the Four Wheels of Five Inches 2 
With the Two leaſt Wheels before ————— 4 
With the Wheels of Three Inches 37 
When the Wheels of Three Inches are behind, and 4 

_ thoſe of Two before — 


For the Cart upon the Pavement. 


With the Two Wheels of Five Inches 4 
With the Two leaſt Wheels ——- — 8 
With the Two Wheels of Three Inches ———— 6 


If the Board be raiud an Inch at the End where the Pull is 
195 | For the . aggon. 10 
With the Four Wheels of Five Inches ——- - 


With the Two leaſt Wheels before 
With the Two Wheels of Three Inches before 


2 0 
tj ſme he 


Hor the Cart in the ſame manner. 
With the Two Wheels of Five Inches —— 6 


WMWith the Two leaſt Wheels ——————— 11 1 
With the Iwo of Three Inches —————— 8 


Ir we make uſe of the Four great Wheels of Five Inches and 


nine Lines, about one quarter more of Force is requir'd than for 
the Wheels-of Five Inches which are three Lines wide, and that as 
well for the Waggon as the Cart; becauſe as thoſe largeſt are ve- 


ry narrow and almoſt ro they run into the Separations of the 
Pavement, and after ſliding down between Two Pavements, to riſe 


up agua there is more Force requir'd, and they go leſs ſwift than 


more Advantage than the others. 


the broad Wheels, even when that Quarter of Force is Ss 5 
and tho? they are ſo much bigger ; but upon plane and ſmooth 
Ground, where they don't fink in, they go much eaſier, and have 
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' WHENCE itis eaſy to judge how much thoſe Carters are de- 
ceived who would have the Irons or Shooings of the'Wheels to be 
made very narrow, that they may the better come out of the Ruts, 
and cut the Ground the more eaſily: For if the Wheels have no Fric- 
tion on the Sides of the Fellies, being narrow they. fink deeper and 
ſpoil the Ruts the more; and if they go where there are no Ruts, as 


% TC 2% £3 ' i 


on Earth, they will tire the Horſes much more, one fourth part more 


Force being requir'd. Such kind of Wheels are very diſadvantage- 
ous to every Body, becauſe they cut the Ruts the deeper, 


IT x fame Inconvenience happens upon Pavement, and the Irons 


of the Wheels being narrow they wear out the faſter, bearing in 
ſome meaſure but upon one Point; and as the Iron Plates wear, 
they grow round, and ſlide more ſtrongly between the Payement, 
which alſo breaks them eaſier than thoſe that are wider. 
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" 55 6 ifs ro EI ts oben bde the 
Friction upon the Axel-trees is inconſiderable; for with the Wag- 
gon that had the four Wheels of five Inches and nine Lines, one Ba 


twenty of which weigh a Pound, draws a Weight of 15 Pounds, 


or a Weight of five Pounds, with the Wheels of five Inches: The 


Waggon together with the Wheels weighing beſides, about one 


Pound and a quarter, which makes the whole Weight taken toge- 
ther, equal to 130 Balls. So that in this Caſe, one Pound would 


draw 130 Pounds; or, what amounts to the ſame thing, the Fricti- 
on on the Axel would be only equal to the 130th part of the Force 


with Wheels in this Proportion. For when the Ground is perfect- Ann. 4. 


ly even, all the Reſiſtance ariſes from the Friction, which is but 
mall in compariſon with the ſinking in of the Wheels in Earth and 


Holes, from whence they muſt be raiſed. _ 
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COROLLARY WW. 


By the Experiment of the Cart whoſe Weight bears ant upon 
two A it 1 10 that the Friction is do ol when, $M par' 
Wich that of the Waggon with four Wheels; 15 there is requir'd 
double the Weight for? the Cart, and even tem it does not go till 
it be put into otion, whereas the Waggo goes of itſelf; and 
Moab. the Weight, or thereabouts, is 5 for Wheels of half 
the Bigneſs. This perhaps is not altogether owing to the Friction, 
for it Hage to be double in the little Wheels compar'd with the 
great ones, ſince they 580 twice round while the grep reat ones go, but 
once round; and tho' the little Wheels in the art muſt be ſet a 
going as weil as the great ones, yet they go a little faſter than the 
two great ones, and the two great ones in the Cart faſter than in 
the Waggon, tho! they move in zigzag: This may alſo partly be 
owing to their not being 8b y round, nor in æguilihrio upon 
the Axel, which. is not ſenſible in the W bene And this ſhews 

that it is a great Diſadvantage to male uſe fe of H even in re- 
ſpect of Frid 3 
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COROLLART V, 


Ił is eaſy to conceive, from the Experiments made upon hr 
Clay and upon Sand, chat half the Force is generally loft in a W 

11 little Wheels are before inſtead of great ones; for tho it bes 
not appear that half is loft upon the Ground when che Earth is firm, 

there would be much more than Half loſt, if the Earth was foft, as 
we fee more is loſt on dry Land, Belides, one would often be 
mird with little e in thoſe Places where great ones would go 


FROM 


COROLLART | VI. 


Ap tho! half che Force be not loſt upon che eee Y 

when a Wagon or Coach is drawn by the Horſes in a Trot, becaul 
as the Wheel goes down the Declivity of one Pavement, it acqu 

a Force to rife up the next ; but yet if we obſerve the Horſes = 
ing, we ſhall ſee that they grow heavy or ſtiff in the Hams draw- 
ing upwards, and on that account, in theſe Circumſtances we _ 
alſo reckon half the Force even upon a Pavement ; but there will 
be more loſt on ſtiff Clay and Sand. 0 22 
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COROLLARY vn 


_ - Ir we add to this the Conidleration ö che linder Axel 
bent in a Coach, which makes the W heels be leſs free, We need no 
wonder that vigorous Coach - Horſes that are well look d after, will 
be fatigu'd when they have drawn two or three Hours in the Streets, 
and have gone four or five Miles upon the Pavement ; And for the 
Country we muſt uſe four or fix Horſes, and we find that if they 


* 4 * £43 


be back d a few Steps they'll be out of Breath, by reaſon that the 


End of the Pole is low, and has a Tendency to break in ſuch a low 


+ 


3 


* 
4 


2 


Direction; whereas the Force and Direction would be wholly em- 


ploy'd in going forward or backward, if the Pole was as high as the 
Breaſt of the Horſes, by having high Wheels before. | 
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HENCRE we po Fry that Horſes pay very dear for the Conve- 
niency of a ſhort Turn, and that it would be better to go to the 
End of a Street for the Conveniency of turning; for ſince half the 
Streets are inconvenient even for a ſhort Turn, what would it ſig- 
nify if the Wheels were high, and the Pole had not the Crane- 
neck or arch'd Piece behind, to go a little farther, or croſs a few 
more Streets ? It would be better for the Horſes, and even for the 
Coachmen, who would be leſs fatigu'd with the Jolts, and that 
would be ſufficient amends for a little more Trouble to get up into 
their Boxes, which happens but once, whereas they are ſhak'd with 
a thouſand Jolts. Their Maſters would be leſs interrupted. in their 
Bufipefs, by ſuch Jolts as happen in the ſhort Turns, and the Coach 
itſelf would be leſs liable ro overthrow. © wry 


„ EAA A. 


THEREFORE the Contrivance of a circular Piece or Crane- 
neck for turning, which obliges one to have little Wheels, has much 

more Incoveniency than Uſefulneſs, both for the Horſes and Coach- 
men, beſides the greater Expence of the Crane-necks and the 
Springs, which are often the occaſion of overtuning by raiſing up 


the Coach too high, as has deen ſaid. 
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IV. 
COROLLART 


_Cons1DER1NG theſe Experiments made with great and lit. 
tle Wheels, it is not hard to conceive that the Berlins are harder 
for the Horſes than Coaches; beſides the Lownels of the Fore- 
Wheels, the - Shafts. do not yield, and the Pole that bends ſends: 
back the Wheel a little when there is a Rub to be overcome, and 
then draws it on more ſwiftly ; this makes the Wheel act back- 
wards like a Wedge : If Berlins are leſs ſubject to overſet, when 


. - 
* 


* 
* 
* * 


be oftner repair d, becauſe in the Berlins the Wheels cannot have 


long Naves; and then the Shafts break oftner than Poles. 
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COROLLARY Xl 


- Taro! it may ſeem that there is not ſo much Advantage in go- 
ing up and down for great, Wheels as for little ones, becauſe as 
they roll eaſily they are troubleſome to the Horſes when they are 
going down, and that the little ones not rolling fo eaſily are not ſo 
ccni to ſtop; and beſides, that in going up Hill, the Fore-Wheels 
are not ſo much loaded, and therefore leſs Force is requir'd in pro- 
portion to the great ones than upon plain Ground: Let it appears 
that in going up there is always more Force requir'd for little 


1 Wbeels than for great ones, and that it will always be fo propor- 
=o 155 tionably ; for as the Direction is lower, the Horſes are thereby 
= more tired, and tho the great Wheels are more rolling, the Horſes 


too have the full Advantage of their Strength to ſtop them, the Pole 
EX. being then Breaſt high, whereas it is very low when we uſe ſmall 
YE Wheels, and it tends to break, as often happens in going down 
. Hill: So that all being well weigh'd, there is at leaſt as much Ad- 
vantage in proportion for the great Wheels as the little ones in go- 
ing up and down Hill: Beſides, in travelling we go an hundred 
Steps upon plain Ground for one up or down Hill. OF, 


COROLLARY XII. ace 

Iuxxx is another Diſadvantage for little Wheels, which is, 
that they break the Pavements and ſpoil the Ways more than great 
ones: Beſides, they bear more hoſes. i and having leſs Bearing they 

fink deeper and jump up higher; which hurts the Houſes whic Far 
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more. 
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220 
ſhake as they go by; they make more Noiſe and alſo ſplaſh Leck. IV. 


og: 


ONE may ſee the Difference of ſtiff Clay, Sand and Pavement, 
that it is always moſt advantageous to draw on the Pavement, and 
that Horſes muſt needs tire very much on Sand; but that in Rain 
Weather it is often better to go on the Sands than the common Ea 
when it is a ſtiff Clay. But in dry Weather Earth is better than 


$and, Sand being more eaſy to draw upon when Earth is the moſt 


difficult, Ge. 


COROELEART IV. 


' AccoRDING to the Experiment of bringing forward the + 
ur Balls were re- © 


Weight upon the little Wheels, where twenty- fo 


* * 2 
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quir d to draw the Load out of a Hole, inſtead of three when the 


Weight was behind and not in a Hole; it appears that there would 


be requirdd much the fame proportional Force, on Pavement or 


Earth. This ſhews that going into the Country, it is better to 


Boxes, Portmanteaux, and Footmen behind than before, which 


is the Reverſe of what moſt Coachmen do, imagining, according 
to their Notion of great Wheels driving that the Coach will ro 
the better the more it is loaded before. Whereas the Pages who 


are before fatigue the Horſes twice as much as the Footmen that 


eee ee, > ſig 
By obſerving the Waggon or Cart ſtopp'd on the Sand, for 


| which a quarter of Force muſt be added to each of them when they 
had time to ſink, one may eonclude that if a Carriage be mir'd, and 


the Horſes: are baulk'd in their drawing; we muſt not ſtand long, 
but put on the Horſes behind to draw it out and then go thro ano- 


ther Place if poſſible; if not, the Horſes muſt from ſome little 
Diſtance be driven briskly, that the Wheels may not have time to 
link, and the Horſes may have acquir'd ſome Swiftneſs, as when 
we 7 to jump over a Ditch. In making the Experiments, we 
muſ 


not give the Wheels time to ſink on the Sand or Earth, but 


lift them up every time when we put Balls into the Bag if there are 
2 „ : | not 


} 


222 A Conſe of Experimental Philoſophy. 


Leck. IV. not enow. One may obſerve that even upon Pavement we muſt 
WY WW uſe more Weight when the Load has ſtood ſome time, the adheſion 


of Parts (or rather zaking like the Teeth of Wheels) becoming 
greater both on the Axel-tree and on the Pavement, as has been 
bbſerv'd in the Conſideration of Friction. 


AOL 


It is alſo well when we travel upon Sand, either in dry or-in 
wet Weather, to go in the Ruts, whereby we may avoid the Fric- 
tion on the Sides of the Fellies or Curves of the Wheels, and have 


no Earth to turn up, and alſo the Ground is firmer there. It ap- 


pear'd by the Experiment, that when the Waggon or Cart had 
one twice thro' the ſame Ruts, if it was then drawn in the ſame 
ut the third time, it requir'd ſcarce half the Force this laft time 


whether upon Sand or upon Clay, becauſe the Wheels then did not 


ſink above half a Line: Therefore in making Experiments to be 


compar d together, we always fill'd up the Ruts of the Sand and 
of the Clay, that the Difficulty might be the ſame in the Caſs WW 


compar'd. For without that, when the Cart went after the way 
gan, it always had the Advantage in the 
And the Waggon would ſtill have loſt more. 
the Cart upon the Clap. 1 2 


— 


4 


COROLLARY XVI. 


— 


SEVERAL other things might alſo be obſerv'd concerning little 


Wheels, as to Holes, Heights to be overcome, and other Caſes, 
wherein there will always be found a great Diſadvantage : If it 
be not ſo great in the Heights to be overcome, becauſe there ap- 
pears to be only the Loſs of a third Part; as the little Wheels then 

do not link deeper than the great ones; yet in other Caſes more 
than half the Force is loſt : So that which way ſoever we conſider 


that Matter, there will always be more Diſadvantage than Con- 


veniency. 


COROLLARY Vm. 


advantage they have when compar'd with Waggons of four equal 
Wheels; and if they have any apparent eats $1 as — 
5 5 éꝗ&?̃ F 


Dee 


e on Sand: | 
if it had gone before 
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load in and unloading more eaſily, much more is loſt than in'd Let, I 
by Wing that Labour, which ought not to be conſider d, 12 TV. 
than the A Faſe of going into a Chaize with low Weeels; 
for we ſuffer for it in another Caſe by the rough Jolts, and the 
greater Labour of the Horſe that draws. | 


COROLLART bY 


Turs Reaſon of loading more eaſily might at moſt A in 
Cities, where we uſe ſmall Carriages and often load and unload; 

but for Carring es that hold their Load a Week or two without un- 
bading, the greater Eaſe of loading ſhould be conſidered. At that 
rate we might ledge that we ſhould only uſe Sledges, rather than 
bad upon a Waggon with four high Wheels: Bur what would be 
the Ditfrence ot * Profit? 5 „ 


COROLLARY N 


3 Do not thoſe Carters who uſe Carts to. 
very low Wheels, 33 „ Mos 


carry Wines with 

' load with the more Eaſe, and 
then alſo ride upon rve to be made to draw the Cart 
themſelves inflead ef l kittin Thorks by needleſs Labour that might 

| do great Service if work d moderately? That Lazinefs is ſo much 

the more to blame, becauſe a Turn x two more of the Handle of 
the Jack, or of the Windlaſs, would raiſe up a Veſſel of Wine into 

a high Carriage, with Ipending VIP little more time, and ſcaree 5 


_ —2 more Pains. 


COROLLARY x3. 


Ir the Cart has forme Advantages on account of the Direction 
of the Fore-Horſes, and the Height of the Wheels, it has a great 
— for che Tiller, eſpecially upon Pavement ; one Wheel 
coming down from a high Pavement drives one Shaft againſt the 
Horſe's Flanks, then the other Wheel falling drives the other Shaft a- 
ga inſt the Horſe's other Side, ſo that the poor Horſe being bang d about, 
eſpecially in great Jolts, is ſoon worn out or kilPd ; So that there 
muſt be a great Force to draw the Cart upon the Pavement on 
this account; and even when it ts drawn by a String over a Pulley 
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Bxsiprs this Diſadvantage, the Tiller carries part of the Weight: 


as he goes up the Weight falls back and pulls him, and in going down 
Hill the Weight comes upon his Back, beſides he is forcd to 
ſtop alone an immenſe Weight that is laid upon the Cart; ſo that 


it is a Wonder no more Tiller Horſes are killd, tho People gene- 


rally make Tillers of the ſtrongeſt Horſes they can get. A Horſe 


thus harraſs'd every way cannot employ ſo much Force to draw as 


if he was before, or between the Shafts'of a Waggon, where he's 
not bang d upon the Sides, and has nothing to carr 7. 


* 


* 


WukEN we conſider how much of the Tiller's Force 18 bol 


how much deeper the Wheels ſink in than in the Waggon, how 


much more Force is requir'd upon Sand, Clay and Pavements; we 
may judge, that there is a double Advantage, or nearly, to make uſe 
of a Waggon with four equal Wheels and as high as thoſe of Carts; 
for the Direction for the Horſes would then be the ſame; and the 
Experiment ſhews us how much more Force is requir'd for a Cart 
upon Sand and Clay, where it goes ſtreight like a Waggon. 


Toa COR OLLARY XXIV. 
sour Carters, when they have new Wheels in their Carts, fall 


attribute to the Friction of the Naves the tiring of their 
Horſes, which are. twice as much fatigu'd without appearing to do 
any more Work ; for when the Wheels have had a few Turns they 


go free upon the Axel-trees; and when they are well greas'd they 
5 as eaſy the ſecond Day as any time afterwards ; beſides we have 
ew that the Friction on the Axel-tree is very little. But the Cauſe 
of this Labour to the Horſes is the quantity of Nails in the Iron Plates 
round the Wheels, and the great Height of their Heads, which is 
about an Inch. This Difficulty of rolling along when there is 2 
Space between the Nails, is in the Experiment repreſented by an 
height of one Line to overcome, reducing the Feet of the Wheels 
to Inches, &c.. And ſince it appears that there muſt be twenty 
times more Force, or thereabouts, to overcome this Height of one 
Inch; tho* the Nails ſhould be but half an Inch high, one and 
- Ls | gue 8 
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gueſs how much Labour muſt be employ'd to raiſe the Weight ſo Lect. IV. 
at every Nail when the ſhooing of the Wheels bears upon the Pa ve... 
ment, and then the Wheel is rais'd up upon the Head of a Nail all 

the While the Wheel goes round, and eſpecially where there are 
narrow Gutters.” This is the true Cauſe of the extraordinary La- 


bour of the Horſes. 


COROLLARY XY. 


THIS ſhews that it is neceſſary the Wheels ſhould be round, and 
the Carters who think they fave Money in uſing many great Nails 
| (becauſe the Iron Plates or Shooing does not wear fo fait when there 
are ſuch Nails) are in an Error, and loſedouble by doing leſs Work 1 
and fatiguing their Horſes. JJV 
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TrEsE Nails alſo have the ſame Effect as narrow Plates, they ſlide 
between thePavement and from thence they have a greater Heightto 
riſe in lifting the Weight up, and ſometimes ſliding down again, and 
that wears the Plates round, which makes them {ſlide more between 

the Pavements and into the Ruts which the Kennels make in the 
middle of the Streets; and it is alſo upon this account that narrow 
Plates ſoon grow round, and being round tire the Horſes almoſt as 
much 3 rhe we Natl nt Ho TG Re Oe 
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T Is ſhews plainly _— that it is advantageous to have the 
Plates upon the Fellies of the Wheels wide, as well on the Pave- 
ment as on the Ground. as it appear'd by the Experiment of the 
great narrow Wheel upon the Pavement, and alſo conſidering the 
Strength that the Horſes . muſt exert to draw out the Wheels from the 
ennels, the Damage that is done to the Pavement, and the quick 
earing of narrow Plates, which alſo ſoonbecome round and inconve- 


W 
nient. It wou d be better to have the Kennels like Troughs, wide and 

ſhallow, * as IE Fig. 14. and not like LM Fig. 15, which is the * Plate 17. 
common Make of the Kennels in the Streets. n. 
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COROLLARY NW. 


I Kennels were made in this Shape ſeyeral Advantages woy'f 
be gain'd: The Plates or Shooings 5 Wheels would not _ ſoon: 


| Sit round, nor break the Paving ſo eaſily : The Pavement: of the 


ennel itſelf wou'd laſt longer becauſe it wou'd' not 2 ſuch 
great Shocks, every part ſupporting more e ly; whereas now 
the loweſt Place bears much a greater part of the Weight, hoody 
ſinks moſt. and ſooner breaks. This ſinking in makes thoſe Pla 
ower when they are mended and the Rain-water flays.in — 

ſo that the Wheel or the Horſes Feet ſtriking into them, ſplaſh the 
People that walk along, whereas the Water wou'd always run 
down into the middle of the Kennel, were it not for theſe Incog- 


veniencies: neither wou'd' the Stream of the Kennel-water grow 


To wide as it does in great Showers, becauſe in the Form we pro- 
poſe, the Kennel is Wide enough at bottom to carry off the Va- 
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Tuns alſo might the little Channels, that Lis” the: Water 
from the Houſes to. the Keanak, in the micelle of, the the Street, be 
made leſs: Nay it wou d he better. to be witheut them, only ma- 
king a gentle Declivity from the Houſes to the middle of the — 
Theſe little croſs Kennels are very inconvenient for thoſe that walk the 


Streets, nay for the very Horſes, and thoſe. that go in Coaches: Peo- 
ple don't conſider that Ae 2 10 a little at every one of theſe 


Channels and e 1 firſt a 99 — Step and then a 
5 


great one to and 2, * & Stop of the Center of Gravity 
r of a Body tion tires dug very much: This-is che Reaſon 
why People ar 018 tir . th Walk an Hous in Farin, cd two r 
three in the Country, n upon Pavement, becauſe there the Boch 
1 8. continues. its, Motion. without Inzerruptian. 1 he, Game 
bappen i in P4741 if, there Was only one Kennel pretty wide 


d ſhallow ia the middle. of the Ox { _s 4 Pe 
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COROLLARY X. 


Tu HE ble i „ with 5 to pav vd Streets ah to Shit 
lick Roads would alſo be of publick Advantage, inſtead of Carts, 
which are very weighty in proportion to their Bigneſs, and which are 
generally loa ded ſo eavy as to endanger the brea Kin of all the Geer. 
he vaſt Weight which they carry being ſupported on two Points, 
as they have but two Wheels, ſinks deep and makes great Ruts s in 
tin Ground; and upon Pavement when lde Wheel is born u 
Nail Head and comes to fall down again, it preſſes down or fu 
that Pavement worſe than if ten or twenty Waggons with as hea- 
vy a Load had paſs'd over that Place. For a Waggon Wheel, that 
falls upon the ſame Place and from the ſame Height, comes down 
but with half the W mus that the Cart Wheel does, and therefore 
ſtrikes it but with half the Force. Now the avement being ſome- 
| thing. of the Nature of Glaſs, Will not break unleſs it receives 4 
ſufficient Blow, ant an hundred Blows, if each of them be leſs 
than that ſufficient Blow, will not break it. The Blow from the 
Cart in thoſe Places is often ſufficient to break the Pavement where 
an hundred Blows from a Waggon Wheel, as they ſtrike but with 
half the Force, will not be able to hurt it: So likewiſe will a Wag- 
gon paſs over as often as you will where 4 Cart would fink'in; Carts | 
therefore, little Wheels, narrow Plates for 8 the Fellies, and 
9 1 oided as much as can Be. P 


"COROLLARY. 


iy the E. eriment made upon Clay and upon md, we may 
fee how uſeful it is to have the Roads um and Fold ſince there 1s 
ſo much Difference between tlie one and the other. And ce rtainly 
the Carriage of Goods, by Land or Water, contributes much to the 
artificial Riches: of a Kingdom or State: And all things well confi- 
der d, we ſhall find that the Time and Expence employ di in en 
ing Roads, 1s the moſt for the ere e 8 


C Oo ROL EAR T XXII. 


Is this and the cher three following Corollarits Mr. Cres 
Laws and Orders concerning mendin Rog: 
a 7 releing to Carr iages are nd 'bette 2 ant 


95 2 takes 


i Conrfe 7 Hajime? Philofo 


Left TV. 3 notice that a Farmer that 1 2 many Horſes to FIR 4 
large Cart very heav 25 loaded, may ſpoil the Roads for many Miles, 


worſe than an hundred others rb oa common nh. cot and 
en Propeſes in | 
COROLLARY XAXVI. 


J Rea T Orders ſhould be made for the publick Good That os. 
two Horſes ſhould draw in a Cart and four in a Waggon wc 


four would do more Work than ſix 1 in a Cart. 


co E LART XXXVII. 


Ta aT Wheels of Carriages never be made leſs — four B Foot 
and a half, or five Foot in Diameter ; that the Plates of Iron never 
be leſs than three Inches wide, the Fellies three Inches and a quarter 
deep, at leaſt for Coaches, and four Inches for Waggons or Carts, 
* by that means. n be ſtronger as had are an 


co RO 2 EAR 7 XXVII. 


2 8 = HAT the Nails for the Plates be made without Heads, and that 
bt. Fl great many be made long enough to go — thro? to be ri 
vetted, which will kee the Irons from riſing For two Nails 
ſcrew'd behind, or with a Counter-Rivet ll "old the Irons on 
= flaſter than ſix with Heads, One may as well make the Plates three 
= | Inches wide as two, and as they wear out more at the Edge, they 
= may be made thinner in the Middle next the Fellies, in the . 
_  #PL17F.16. ; ſhewn in the Section, Fig. 16. at B C, * which may 
3 done in the forging by help of a Swage of that Shave. Theſe 
Plates being put on hot will preſerve the Fellies more from crackir 
laſt as long as others, and neither be heavier or coſt more. By this 
means the Roads would not be ſo ſoon par, 80d hes an _ , 
Wages would Rnd their Acud e t 


as 


COROLLARY. XX 


Tux Naves of Coach Wheels ſhould be made a little thicker in 
che middle, and not be bord quite thro? where the Spokes are let in, 
for then their Ends wou'd not receive the Greaſe, and thereby be ſo apt 
to gt looſe ; The Naves PEE bam fl or ſixteen Inches 


E long, 


* 
7 X 


long, 


y ; 
2 Bevil at the fame Angle that the Spokes are let in, to make the 


Wheels diſhing out, after the manner the oiners make their Skew 
Tenons, and the ſame Inſtrument would 
e e, nnnle, he 


Fa 5 
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Mr. Camus ends his Conſiderations upon this Subjeff with 


obſerving that a Poſt Chaize with two Wheels has all the Inconve- 


niencies obſerv'd in Carts, and beſides has the Inconveniency of the 
fecond Horſe which draws on one Side; therefore, for the Eaſe 
of the Horſes ar welt as the Travellers, he would have all thoſe 
Chaizes to baue four Wheels, and the Driver not to ride, but 
fit ou a Box like a Coachman, and the Fore-Wheels as high as the 


hi 


d ones. © 
12 br, 1 70 


and Stiffneſs of the Rope, the Weight which they bear, and the 


Smallneſs of the Diameters of the Bodies about which they wind. 
This Impediment we fhall alſo call Friction, becauſe we muſt make 
Machine, ” otherwiſe we ſhall always find the Effect of Powers by 
%%% - - ads 3+ 347 


| * q 'H ; 4 | B27 + 
means of Engines to be leſs than we expeCt. 
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Monſieur Perault, in his Comment upon'/#ruvias, deſcribes: 
an Engine of his contriving, whereby he thinks to avoid all Fricti- 


on. This Machine is an Avis in Peritrochio applied a new; Way. 


But as he is not a ware of the Friction or Hindrance that ariſes from” 
the Difficulty of bending the Ropes, the Effect will by no means 
anſwer as he pr _ for upon Tryal, his Machine appears to 
have more than doul neti | 

Friction of the ſame Engine us d in the common Wap, when the 
Pivot or Iron Axis is in Diameter the 1 ath Part of the Roller or 
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' Bes1 DEs the Friction already explain d, there is another Impe- 
diment to Motion in ſeveral Engines, and that is the Difficulty with 
which Ropes are folded, which encreaſes according to the Bigneſs 


ble (ſometimes than triple, or quadruple) the 


ſucceeded; 


* + 


- 
J on 


* Plate 17. 
Fig. 17. 


«and, : ee ee eat the ame Tims, No Nor, ic —— 2 all 


etz, aud A Geng d that. 


„for raiſing Weight. The firſt is made of that Organ which is 


 « thing, like: 


« « which 17 another Rape G, that alſo wra 


= it, 1 Cound a inapoſſble 


Pe en; and leſt at any time 
7 25 fruitleſs Expence PP) rate — Via ow 5 
.the.Difadyant; e of it 


verlooled — its 27 

there, was a. great Tncqnyenicace i in the Application; And this 1 
confirm'd:by Experiments made on a Model of an inch 69. dern 
e FORT 4 or ne luppov'd of Five Abs: 


 Monficur Prrault's Account of kis Ragine 5 is;as n n 


Imitation of the (modern) Crane, I have invented two 


the maſt advantageous of any; in Mechanicks for facilitating Mo- 
tion; becauſe it is free from that Inconveniency which we meet 
4 with. in all others; namely, the Friction of the Parts of che Ma- 
4 chine, which renders their Motion more difficult. This Organ is 
«the. Raller, which 4:5/0t/e\ prefers to all other Organs, becauſe 
all the. others, as Whe: 2 rake and:Pulleys, muſt neceſſarily 

< rub. in-ſome of cho Pac But the Difficul 125 to ap ly the 
Roller to an Engine that raiſes Weights, its Uſe ha —— 
« hitherto to cauſe them to roll on an horizontal Plane. he 2 

« which. I ole has'a Baſe. AAB,“ (Plate 17. Fig. 17.) ſome- 


1 aſe has in its upper part the horizon - 
tal. Rec B. which dal san upright: Shaft CO * — mm 


<6 its Pivot O, on which the whole: Engine moves in the ſame man- 
ner as the Crane, when the Weight is to be lower d. This Shaft 
4% 2 its 22 a croſs: Piece DD, to which are faſtend the 


Ropes EE, wrap round the Barrel, Axel, or Roller F 


ps or Winds round one 
«of its Ends. This laſt Rope is that which raiſes the Weight. At 


< «the other End of the Axel there is a great wooden Wheel like 2 
Pulley HH, about which i £4 wound: a long Rope N. To work 
« « this x . We d en mult. ull the long Rope N, which cauſing the 
© great Wheel alſo carry round the Axel or Barrel, 
Which is made Ft te to it. This Axel, as it turns round, cauſes the 
« Ropes, EE. TN e Ar and therefore the Axel and the Wheel 
4 riſe, whilſt the. Rope F, to Which the. Weight is faſten d, does al- 
e ee u the. Auel contrary way; and this double 
of. che Ropes males both the Burthen and the Auel 
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— hs whole power which draws the Rope 
4 « We uy Hindrance, which henry b in 10 
Ein nn i 

lt ma be objefted chr” the Power which acts at N, enk 99 
u ſides the Weight, raiſe alſo the Axel and great Wheel, and that 
their Weight Is one of thoſe Obſtacles whi Ar glare fays all Eu- 
« gines are liable to; and that this Obſtacle is equivalent to the 
« Fricxion which is in © other Organs. But it may be anſwer d, that 
4 Friction is an Obſtacle wholly 7 unavoidable + m all other Organs; 5 
4 but that it is eaſy to remedy the Obſtacles of this, which is done 
« hy means of the heavy Body M, taken equal in Weight to the 
4 great W heel and Axel, which it fultains by means of the Rope II, 
& which running over the Pulleys L L, is fi d to the Ring or Collar” 
K that goes round the Axel F. For the Axel and the Wheel be- 
« ing counter pois d by dry Weight, the Power which acts by draw-- 
« « ing. the long Rope N, ads for raifing the Weight only. The Ex- 

nent which Was Hale with this Engine has aßen the 
a Truth: of this Problem, by comparing its Eſſects with thoſe of 
« 2 Crane, in which the Proportion of the Bigneſs of the Axel to- 
« the Cironifirence-of the Wheel, was the ſame as in m — N 
6 «For it by noms that in the Crane; a Weight of Oe K 
N about the Wheel, drew 1 up a Weight 
one Half added Ene prepon- 


Cor en- 
"_- addirional. 


«fora Fourteen And hd op = q # wh ES | 
* 


4 Fon for a Pifty-fix Pound, and fo on; becauſe tlie ance from 
4 Eri ion enereã ſes nearly in the ſame Proportion . the W wh 

« are encreas'd.'”-But this dict not Happen in my Et 1 whi 

* ofie Quarter was altas ſufficient for the Drag (or S 
| * Power! preponderate) not only 2 was: Seren, bur 
Lalſo when it was Pourreen Pounds, twenty-eight ovine 2f * 

6 Pounds, Se. which Evidently ſhews, | that this. zine 
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Left. Iv: gine had n no Friction, yet it is more Wen chan an Axis in 
>> Perttrochio, with the: ſame Proportions; and likewiſe that it has 
* P18. F. i. more 1 than the ſame Machine in the common Uſe. ACE * 
(Fi is a common Axis in Peritrochio, which has the Wheel 
AB, Go, times] bigger in Diameter than the Axel; ſo that A C 
Radius of the Wheel (which is the Diſtance. of the Pow. 
25 is to CB the Radius of the Axel (the Diſtance of the Weight) 
28 5 to : Conſequently. One (for Example one Ounce, as in our 
Experiment) will keep Hive in (ene. Now tho' the Fricti. 
on of the Gudgeon at C is unayoidable, Þ et it may be diminiſh'd 
1 Ann. 4. by diminifhing the Diameter of the Gudgeon N Provided it re- 
' mains ſtrong enough to fuſtain the Machine and its Burthen. Here 
one Penny Weight, or „ of the Power added to it, makes it * 
Sees. and 9 5 the Machine Motion with a due Velocity. 
"4 $4 417% EL] 1 3 43 
Noa this very Engine maſſe Uſe of in Mon, Peraulis Way, 
does ſo alter the Diſtances of the Weight and Power, that inſtead 
of One for our Power, we muſt have Two and 4 half to keep the 
very ſame Weight Five in Agquilibrio, as may appear by a Sight 
Pl. 18. . 2. Of the ſecond Figure, **- where ſince in the Action of the Machine, 
when we pull the Rope PA, we make the Axel D B to wind 1 
up upon the Rope H B, it is evident that D is now become the Center 
of Motion, DB (the ok Thickneſs of the Axel) the Diſtance of 
the Weight = 2; and the Diſtance of the Power is reduc'd to AD 
4. 80 that if two Men, having been employ'd in the common 
Way to raiſe Weights 8 to the Stre eng of ten Men, an Engineer 
ſhould alter the manner of working, fit up the Axis in Peritri- 
e8§5bio in Monſ. . Perault's Way, inſtead, of gaining an Advantage, 
J Ann. 5. he muſt call in three more Men to perform this Work. ++ I 
: anſwerd, that what is loſt in Strength will be gain'd i in Time, 
it may not only be ſaid, that one cannot always call in more 
Help on a ſudden, but that even then, tho we ſhould not call this 
an Inconveniency, yet there will be ſtill more Friction in this than 
in 9 95 common Aethod; for the Roller or Axel will find a Diffi- 
| on to wind on the Ropes, becauſe they are not perfeCtly 
P 


| le, and the leſs fo, the greater the Weight is that ſtretches 
them. This, together with the Friction of the Collar of the Rope 
of the Counterpoiſe to the Engine, makes the Hindrance greater 
than in the common Way. For it appears by my Experiments, 
that when the Power is become equal to 24 to keep the Weight ; in 
Agquilibrio, there mult be added 1 (hers four-penny Weight) to put 
the Power in Motion. And 
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| he 4s plain from this 1752 
inaceurately made, and therel ge bot to be dep 
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7 have been the more particular here; becauſe e are apt to be 


— Pry » Experincts were 


ted into an Error by the Over-/ights of a Man of great _ ; 


tion, whom we nd t eaſi ly ſuſpet of- E Miſtake. _ 


This? it be at as difficult, at leaſt, to 5 give a dete in aveount be che 
Forces Required 6 to bend Ropes o of different 1 ny 
different Weights, in making them go round Bo ifferenit 
nels) as to * an exact T heory of e Let Wooden nc — 

on 1 Lofs Motion occ: 


Fir ; 7 nd fometiries the T em perature 0 


545 


, their di 1 
e Weather (as 


lechanickts, as it pile e overtcol he er 
ines. Therefore, tho the different Materials of which: - ». 
| Ferent Stiffneſs, a fe of 7 they are more 


are us dh makes it 
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u ia to be — in our — 5 yr Ne think *J%YE/ 


— Uſe to give the beſt Theory we can, 1 mention ſome of ; 


the Experiments, at a Medium, made upon Ro ood in 
their kind and moderately twiſted ; becauſe if 2 ec Rope 


End 
Pulley, and it be obſerv'd what Force will peo. b 
of a wen Diameter, we may know; what-other 
uir'd to bend it W any other Bod) y, and when ftretch'd with a 
erent Weight: and beſides, in new well made Ropes, the Dith- 


culty of bendi 4 ceteris paribus, is pretty near as the Diameters 2 


N the Solidit ies) of the Ropes. 


ExPERIMENTS, Plate 18. Fig. 3. 


ap o two immoyeable Hooks RR 1 fix'd the two Ropes Rx, R 5, 


at the Diſtance of about & Inches from each other ; ; and at the ower 


of 1 of equal hickneſs and even T re from End to 
ſtretch'd by a known Weight round a den. Roller, or 
24 it about a Naller 
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more homes to b Te an ace R. ckneſs 
© which ſeem'd much ſtiffer ;. but if we conſider 1 = oven a String 
flattens as it folds 11 | Eyimdelz that has the fame Brett: as if the 
Cylinder was become leſs, one Fold of ſuch a Line taking; by its 
central Farts a leſs CP than a . 7 2 5 oo not 20 
ih 10 
Mons | Aeon Conde . — Spe ene of: thi 'kind, menti- 
bony in the Memoirs of the Nopal Academy of Sciences at Paris, 
for the Lear 1 1699, and calculated a Table of the F N requir d to 
bend Ropes, which Table I cannqt recomme it is built 
u idol: for he ſays qi Dilley of bats ga Hoe of 
fame Thickneſs, 
when the Diameter of. the pal eacreaſes, but not fo NT as K 
Diameter encreaſes; hut I Have found by many repeated Experiments, 
that the Difficulty decreaſes directly as iameter of the Roller 
encreaſes. That is, The Di Sides 7 bending a Rape round a Roller, 
paribus, inverſly.as the Diameter of the Roller, N. B. 
I believe Monſ. Amontons Miſtake aroſe! from the Parts of the Rope 
rubbing againſt each other, which I always took care to avoid. 2 
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and the Rope of one tenth of an Inch Diameter. The Weight is i 
pound Auærdupoidt, and Snſequentiy the Power to keep it — | 


bs Power raiſe the Weight, if _—* was no Friction; but here : 
- than 20 IgE hq rags _ Machine ee. — | 
| exa 15 2 2 70h . 17 10 115 


1 nn vn ſhewn bin Nals 3. e dated thinks dt ien if. F.. 


Power are equal to tlie Friction of a Cylinder whoſe Surface moves 
as faſt as tlie Power, and whoſe Gudgeons are equal in Diamete 
to the Cylinder. Now as. the Diameter of the firſt Pulley 
ight times bigger than its Pin, its Friction muſt be 4 Pound di- 
vided by 8,; or Qurites; becauſe as tlie Surface of its: Circumference 
moves with the ſame Velocity as the „ . ubbing e on 
the Pin muſt move ego times lower. 221K Ei al S 
3 Tun bored Pulley 2, 0 Surface i moves? as — again. as the | 
Power, and whoſe, Pin. is ſix' times leſs in Diameter: than itſelf, 
muſt of conſequence have its Friction only of 5 Ounces; be- 
cauſe two thirds of the Power, or 64 Ounces, muſt firſt be divided 
by 2, by reaſon of the Velocity of the Pulley's Surface being but 
half that of the Power; and, then again by e, becauſe. the Pin be- 
ing ſix times leſs, the Parts rubbing on the _ muſt Kill move fix. 
3 — ſlower. So that * = 32, and 4 1 5 5 Ones. 


Tur third: Pulley 3 3, moving with a third 6b. the Velocity of the. 
Power, 64 Ounces, muſt be divided by 3, and that Quotient again: 
by 5, becauſe the Pin is here ; of the Diameter of the Pulley; ſo 
that the rubbing Parts of this ulley have their Velocity one 5th 
of a zd, or , of the Velocity. ofthe: Power; and therefore 7 
will Ec 9,26 Sc. Ounces. No ow the Sum of: all theſe Frictions. 
(vic. 8,Qunees f 553333 Ce. Ounces, + 46 &c, Ounces) makes. 
17,6 Ounces, Which ische 5th & 1 part of the Power. This Addi 
tion to che Poe ill ſo Guxeaſe the: Friction, as to require * 
Super · addition of the th & & part of that firſt Addition, and fo on 
Sas Seri 9 Ag e il, Cen Sen is . +059 
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in together the whole Wei 


149 Fox the firſt Pulley, we look in the Table ben of one 
— remtb of an Inch, and find that when ftretch'd with the-Weight of 
Pounds it requires 7, Ounces'to bend it round 4 Roller of an 
Iach, therefore we n x firſt make Uſe of this * Y 913-0; 
$113 be 9 .005 £34 ati 4420 em ui: 
A520 is reaching aRopecFons timire? pau inDiamete wi 
I to 7 Ounces, the Force requir'd to ws it a 4 wy of 
one Inch Diameter: 377 
So is 6 Pounds, when ſo much only firetches the Rope; 
2 2,5 Ounces (that is, two Ounces and a quarter) the Force 


l 7 Wld the ſame Rope, only ſtrete een 6 rounds 
Diner of one Inch Dat eter, © e opel Faun 


— as the firſt Pulley is inc cf ds bür bob Taker Diameter 
we _ Deen the Force neceſſary to fold the Ro 
. e of thoſe Diameters, 1 next Amlogy, 
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de the; nerer of the 'Pulley,/ where we an ito know the 
folding Force 23 ut 22 ae „ ls 07 
To the — the Pulley where the Force is novn: 

| So is the folding Force: eg 0 e gaidg il 250? 
To the folding eee In o 76407 be 6 i 
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the Block) — 18 Pounds, ſo that we may Conſiler each * 
as ſtretch d by fix Pounds, and folding round different Cylinders 
the reſpeQive Diameters of the Pulleys. e, an e xii 
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Bae e Theory of the Eridhion of our Machir 2 
Theſe three laſt Frictionꝭ, or Reliſtatices of: Ropes added together, 
make 4,425 Ounces, which ace to 21,41 Ounces the Friction a- 


bove found, gives in all 25,235 Ounces, a Friction greater by near 
ſix Ounces than the Experiment gave. But I have rated! in 


the Annotation to my third: Lecture (Page 164) that, M hen a 
String or Rope runs over @ ſingle Pulley or Roller by the De- 
ſtent of the prepontderating Weight (the irher Weight Ting at 


765 f 20 dee, en Preſſure un the Axis of the Pulley is auß. 
e of the Produt? of the Weights — 
5 regret »by the dum of the ſame Weightr... 


g er ers ben . Sum of the two 
A 4 5 ual, ſo much as it is leſs muſt be 
. out of ow Account of all the Frictions, and the Experiment 
then will be extremely near the Theory. But to omit nothing in 
Calculario FI 2 Examine: what this" Diminution of 


_ n! q. I cout une Seins Bloc 220 62 SO 
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Tk Power ( 6. Pounds) wloprlivr with what bare bund 
ceſſary to be added to it on account of all the Frictions and Reſi- 
ſtances of the Ropes, is to be look d upon as the preponderating 
Weight in the Caſe of the Propoſition abovementioned, that is bd 
Pouads and near 26 Ounces, or 19 Ounces: and s Pounds wich 
ay Addition is to be conſidered up the Weight ores! erica e 
other ſide of the firſt 1 which is an Let the 
two "Weights be multip — 9 — ah that is, wy Pounds or 96 
Onüces & = — Product of which is 11915 Ounces; . 

which again multiplied by 4, or 11712 X4/ gives tho Product 46848; 

then dividin the laſt ray by 218 (the Sum of the Ounces in. 
both Weights) or e une rei Will be 214,75, which ſub⸗ 
trated from 218 the Sum of the Weights, will give 3,1 Ounces. 

_ the-diminifhed FPreſſune, ar chat part of the Preſſure which the Pin 

of the. Palley/ 1-5 freed from e nderating runs 
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Now as there is another upper Pulley over which the Rope al-- 
ſo runs, there muſt be likewiſerakeh off onthatzzccount'h, Ounces: 


So of * eee 
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Bect. IV. Ounces found by Theory 
main 19,525 8 the Addition neceſſary to make the Power 


equal to all the Frictions, there will re- 


over-balance the Weight with the leaſt Augmentation poſſible, 
that in the Experiment is 0,365, or a little more than one 
thitd of an Ounce; wow 20 Dun es added to the Powerd Pounds 
5 1t tun down Me. 11D 5 id bit 
301 . B. Nothing was ow: allo as. an — df Priflin 
on account of the Weight added to bend the Ropes, which 
Y woa Ji —_ the Experiment Searer the W A 3X8 
N . Wan BY i "43139 R$ JI 4, { 

"_ „ Wu 0 we zag not make this laſt — — or conſider 
chis Diminution of Preſſure, eſpecially. in Tackles of many Sheeves, 
becauſe there are generally ſome Hindrances more than the com. 
mon Friction; as for example, when Sheeves ruh againſt the Sides 
or Cheeks of the Blocks, or when their Hole wears bigger, which 
encreaſes the nene 48 much __ the Pin was:become ſo much 
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I Too kb f five Buß ak x, Tea Frames or Blocks; 
that-is, three Sheeves in the upper Block and two in the: lower. 
Having made an Equilibrium by hanging one hundred and a quarter 
at the lower Block, and a quarter of an hundred at the running 


Rope, I added 17 Pounds aud an half before the Power 4 
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uid Cry and an mis being balanced eee 
the Addition of -28-Pounds made the Power raiſe the Weight. | | 

N. B. The Themes were. 5 Inches Diameter, the Pins half 
an Inch, and the Ae three menen of an Inch. 
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But in the ſecond Experiment 28 t exceeds the Sum of the Fricti· Lect. IV. 
ons, Sc. not quite 2 tb. The Reaſon of this appear'd to be, that 
the Rope at firſt was too big for the Cheeks that held the Sheeves; 
but in the ſecond Experiment, where the Rope was more ſtretch'd, 
its Diameter became ſomething diminiſh'd, and fo brought off the 
Rope from rubbing ſo hard againſt the Cheeks. 


FROM Koo Wing the Quantity of Friction in ſuch large Tackles, 
we may know what to expect in Practice. For if one Man, who 
for a ſmall time can exert the Force of oo #, thinks that he ma 
draw up a Stone or a Roll of Sheet Lead, or any other ſuc 
Weight to the top of an Houſe with a Tackle of Five (be- 
cauſe this would ſeem feaſable from Mechanical Principles) will 
find himſelf miſtaken on account of the Friction, which will not 

be ſurmounted without an additional Force of 50 tt. 


I hope this Account which I have given of Friction and Hin- 
drance to Motion in Mechanical Engines (however imperfect it 
it may be of conſiderable Uſe to direct ſuch Perſons as concern 
themſelves with Engines and Manufattures. And to afford all 
the Help I can upon this Subject, I will give him ſome Con ſide- 

rations of the comparative Strength of Men and Horſes, as well 
as the beſt way of applying their Forces, being the Reſult of ma- 
ny Tears Obſervations of my own, as well as what I have found 
in Authors who have treated of theſe Things. | 


Ax Horſe draws. with the greateſt Advantage, as we have al- 
ready ſhewn from Mr. Camus, when the Line of Direction (be- 
ing parallel to the Plane on which the Weight moves) is level with 
the Horſe's Breaſt, and is able in ſuch a Situation to draw 200 th 
eight Hours a Day, and walking about two Miles and an half an 
Hour, which is about three Foot and an half in a Second. And if 
the ſame Horſe is made to draw 30 i he can work bur ſix Hours 
a Day, and cannot go quite ſo faſt; and in both Caſes, if he carries 
ſome Weight, he will draw better than if he carried none. We 
don't mean by this what an Hor.e can draw upon a Carriage; be- 
cauſe in that Caſe Friction is only to be overcome, ſo that a mid- 
dling Horſe well applied to a Cart, will often draw above 1000 F; 
but ſo much as an Horſe could draw up out of a Well over a ſin- 
gle + ulley or Roller (made to have as little riction as poſſible) is 
properly what an Horle can draw; and Horſes, one with way + 
„„ @-- 15 „ 


1 


9 : WT... > 
8 


* > = 
” ws . — 
7 * 


" > * * 8 Fe. 25 , N 7 g ; q . - " 
; Was +. N 
-/ 7 7 * 4 - 
a 2 4 75 . TT” 6 
; M * > Ee * HA N 5 2 
”» # 57 » * " 1 : * P 
F . £ 4 4 ' 'S 44% 47 . * 5 * 5 o * 4% . 
: 1 : * W 
F ; - 1 hay *. « CY " 9 4 ; 
* 1 ” ; 1 6 5 4 . * + Y "2." 
| 3 4 CY £11 0 
0 * : 
” 0 1 , * 8 
0 1 2e 1 : '&- 4 f 5 6 = 4 £ 
x: . * 1 N 7 i : * of . | ; : 
9 : bed ( . 2 My 5 
, f we +» a 5 ” ” * y . 9 %, 7% 3 — - 
| 4 4 * * 1 + " - 
* * 2 % 4 . +. s 5 # x : . "> 
8 . 1 . N 


. 2 


Let. IV. draw about 200 # in ſuch a Caſe as we faid before. To this 


than it does in a great Circle. The Horſe-Walk ſhould not 


may be referr'd the working of Horles in all ſorts of Mills and 


Water-works, where we 1 8 to know as near as we can, how 
ſe 


much we make every Horſe draw, that we may judge of what 
the Effect will be when proper Allowance ſhall have been made 
for all the Frictions and W oujey before We eauſe any Machine 
or Mill to be erected. 1 ; e 


Wurx an Horſe draws in a Mill, Water-work, or Gin of any 
Kind (in which the Horſe is made Uſe of to draw round a Cap 


ſtane or Axis in Peritrochio) great Care ſhould be taken that the 


Horſe-Walk be large enough in Diameter, otherwiſe the Horſe 
cannot exert all his Force as he goes round; for in a ſmall Circle 
or Horſe-Walk, the Tangent (in which the Horſe ſhould draw) 
deviates more from the Circle in which the Horſe is oblig d to go, 


— 


leſs than 40 Foot in Diameter, when ever there is Room for it; 
and the ſame Horſe loſes of his Force conſiderably in a ſmall Walk, 
becauſe he pulls in a Chord of the Circle, drawing the horizontal 
Beam behind him at acute Angles, ſo much, that in a Walk of 19 
Foot Diameter, I have known an Horſe loſe > fifths of the Force that 
he exerted in a 40 Foot Walk. Moſt of the Mill-wrights in Lon- 
don (and J believe in moſt great Cities) do not love to make large 
Horſe-Walks, even when they have Room; becauſe, as there is ge- 
nerally want of Room where they have been oblig'd to ſet up 
Works, they have accuſtom'd themſelves to make their Geers for 


mall Horſe-Walks, and think it enough to give the ſame propor- 


tional Velocity to the Power and Weight as is done in a larger 
Horſe-walk (becauſe if the Cog-wheel be ſo much leſs in the Dia- 
meter as the Horſe draws nearer to the Center, the difficulty of 
drawing, were it not for the twiſting of the Horſe, would always 
be the fame) not conſidering the Strain put upon the Horſe; or 
when by Practice they have found how much a Horſe may eafily 


draw, with all the Diſadvantages which the fudden turning gives 


him, they. won't take the Advantage which more Room might 


give in removing that Difficulty, becauſe they don't care to go 
out of the Way which they have been accuſtomed to. But fuch 
Mill-wrights, as have work'd at Coal-pits and Mines know better, 
as they have been us d to large Horſe-walks in Coal Fields, &c. 


5 


IRA often, found that five Men are e. 
Horſe, * and can with the ſame Eaſe. puſh round the Horizontal 


>. © | 


Beam in a 40 Foot Walk; but three of the ſame Men will puſh* ** 


round a Beam in a 19 Foot Walk, which an Horſe (otherwiſe e- 
qual to five Men) can but draw round. Sy” 


4. 


Tu worſt way of appl ing the Force of a Horſe is to male 


him carry or draw up Hill; for if the Hill be ſteep, three Men 
100 + Weight, than a Horſe that is loaded with 300 #. This 
is owing to the Poſition of the Parts of a Man's Body, which are 
better adapted to climb than thoſe of a Horſe _ 


Ir follows from this Obſervation, that thoſe who have thought 


to gain great Advantage from the Weight of a Horſe by applying 
it to an Engine to work the Forcers of Pumps, have not in the 
Execution found what they expected from a Calculation of the 
Weight of that Animal, becauſe at every Step the Horſe is really 
C 


will do more than a Horſe, each Man will climb up faſter carrying 


As a Horſe from the Structure of his Body can exert moſt 
Force in drawing horizontally in a ſtrait Line, a Man can exert 


leaſt Force that way; as for Example, if a Man weighing 140 6 


walking by a River or Canal fide, draws along a Boat or: _— 


by means of a Rope coming over his Shoulders, or any how 


ned to his Body, he cannot draw above 27 fk, or about the ſeventh 
part only of what a Horſe can draw in that Caſe; for the whole Force 


that a Man exerts in that Action intirely depends upon his Weight, 
and not his whole Weight neither, only about . parts of his 
Weight, acting obliquely too, puſhing him forwards as he ſtoops, 


produce the whole Force whereby the Man draws the Barge along, 
as has been demonſtrated by Mr. De /a Hire, in a Memozre which 
he preſented to the Koyai Academy of Stiences at Paris, in the 


Year 1699; of which I have given a Tranſlation in my Notes. Þ+ Ann. 8. 


His other Reaſoning about the Application of the Force of a 


Man is juſt; but his Data not being true, ſome of his Conclu- 
ſions tho” truly drawn from his Data, are not true in Fact; there- 
2 I have in the fame Note given Remarks upon what he has 
aid. f | 
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equal in Strength to one Lett. IV. 
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Let. V. IN drawing a Barge in the manner above- mentioned, a heayy 
Man (provided he be not unwieldy) will do more than another, 


«of Experimental Philoſophyi = 


unleſs he carried Weight proportionably, and the higher the Weight 


is carried, the better. 


ſo much as it riſes ſlower than the Hand moves. 


WHEN a Man turns an horizontal Roller or Windlaſs by 4 
Handle or Winch, he ſhould not have above 30 tb Weight acting 
againſt him, if he is to work ten Hours a Day, and raiſe the 
Weight about 3 Foot and an half in a Second, Which is the com- 
mon Velocity that a Horſe draws with. I fay 30 I, ſuppoſing 
the Semidiameter of the Windlaſs equal to the Diſtance from the 
Center to the Elbow of the Handle; for if there be a Mechanical 


Advantage, as there uſually is, by having the Diameter of the Ax. 
el, on which the Rope winds, four or five times leſs than the Dia- 
meter of the Circle deſcrib'd by the Hand, then may the Weight 


(taking in alſo the Reſiſtance on account of the Friction and Stiff- 
neſs of the Rope) be four or five times greater than 30 f, that is, 


IN this Operation the Effect of a Man's Force varies in every 


part of the Circle deſcrib'd by the Handle. The greateſt Force is 


when a Man pulls the Handle upwards from about the Height of 


his Knees, and the leaſt Foree when (the Handle being at top) a 


Man thruſts from him horizontally ; then again, the Effect becomes 
aire as a Man lays on his Weight to puſh down the Handle; 

ut that Action cannot be ſo great as when a Man pulls up, be- 
cauſe he can lay on no more than the whole Weight of his Body, 
whereas in pulling he can exert his whole Strength: Laſtly, a Man has 
but ſmall Force to pull the Handle horizontally towards him when it 


is at loweſt, Let us, as Mon/. de la Hire does, ſuppoſe a Man of 


moderate Strength; to weigh 140 ff, he may in the four prin- 


cCipal Places of puſhing and pulling in the whole Circumference of 


Motion exert the following Forces, vi. in the ſtrongeſt Point a 
Force equal to 160 fw; in the weakeſt, a Force equal to 27 f; in 


the next ſtrong Point, 130 b; and in the laſt or ſecond weak Point, 


30 K. Let us add all theſe Forces together, which will make 347, 


and divide them by 4, and we ſhall have 86 # 3, and this gives us 
the Weight that a Man might lift by a Winch, if he wal 


d exert 


his whole Force continually without ſtopping to take Breath ; but 
as that cannot be, the Weight muſt return and over-power at bi 
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weak Point, eſpecially when the Handle moves ſlowly, as it Lect. IV. 
ah” if a Man "2 = its his whole Strength: all wid. Be- 5 | * 
ſides, for 1 N ſuch a Weight we muſt pon the Man to at © 
always along the Tangent of the Circle of the Motion, which — 
does not happen in the Operation.., Then there muſt be a ſufficient 
Velocity given, * that the Force applied at the ſtrong Points may+ Ann 9. 
not be ſpent before the Hand comes to the weak ones, ſo that it 
is difficult for a Man to continue that irregular Motion; and there- 
fore when there are no other Advanges, the Reſiſtance ought to. 
be but 30 tb; and even that could not be ſupported at the weak- 
eſt Point, were it not for the Force remaining from the ſtrong, 
. Forts 5: ons „% „ 


Ix two Men work at the End of a Roller or Windlaſs to-draw: 
up Coals or Ore from a Mine, or Water out of a Well, they may 
more eaſily draw-up 70 th (ſtill ſuppoſing the Weight and Power 
to have equal Yelocities) than. one can 30 ti, provided the 
Elbow of one of the Handles be at right Angles to the other; for 
then one Man will act at the ſtrong Point, when the other acts at 
the weak Point of his Revolution; by which means the two Men 
will mutually and ſucceſſively help one another. The common way 
is to put on the Handles 65 to one another, which cannot give the 
Advantage above-mentioned; tho? there is ſome little Force gain'd 
even in that Poſition, becauſe one Man pulling while the other 
thruſts, works at the ſtrongeſt of the two weak Points, whilſt the 
other works at the weakeſt, and fo helps him a little. 


THERE is indeed a Way to make a Man do a third part more 
Work with a Windlaſs when the Motion is pretty quick, as about 
4 or 5 Foot in a ſecond, + and that is by the Application of a Fly,f Ann, g, 
which is a Croſs with Leaden Weights at its Ends, or rather (what. 
is much better) a heavy Wheel at right Angles to the Axis of the 
Windlaſs or Roller. By this means, Tis Force of the Power, which 
the Man would loſe, is kept in the Fly and equally. diſtributed in 
all the Parts of the Revolution; ſo that for a little while a Man 
may act with the Force of 80 #, that is, overcome a continual. 
Reſiſtance of 80 tb; and work. a whole Day when the Reſiſtance: 


is but 40 . T PN 


Tt The Fly nay be applied to ſeveral Sorts of Engines whither mod by Men, Horſe's Wind” 
Mater, or any anitiate or inanimate Poruer ; and is of great Uſe in thoſe Parts of an E 95 
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Let. IV. 


. erts a 8 g P on 
b employ d in that Operation; the Muſcles of his Neck, Back a 
Loyns keep his Body and Head in the proper Pofition to ſuſtain the 


* Ann. 10. 


at leaſt at the rate of four 


A Curſe f E ; 


_ Warena Man carries a Weight or a Burthen upon his Back, he K 


reat Force very eſſectually, many Muſcles at once hei 


Weight ; thoſe of his Shoulders and Arms help to keep it in its 
Place; and the Muſcles of the Legs and Thighs raiſe the Weights 


of all the Body and Burthen as the Man walks along. In this 
way of working, three Men do much more than an Horſe, and two 


oftentimes do as much, nay even more, as may be obſery'd in 
the daily Labour of the London Porters. A Porter will 
carry 200 fb, and walk at the rate of three Miles an Hour: 4 
Coal-heaver or Porter that carries Coats, will carry 25c t, but 
then he does not go very far before he lays down his Burthen; 
tho* on the other hand he will often. go up ftairs with that 


Weight: Chairmen do not act with all the very ſame Muſcles as 
Porters, but as they have Straps brought down from their Shoul- 
ders to the Poles of the Chair, the Muſcles of the Loins and Back 

are concer'd, and likewiſe the Extenſors of the Legs and Thighs: 


es per Hour. Whereas a Carriers 
: FF 
avhich have a quick circular Motion, and where the Power or the Refiftance act unequally in the 
different” parts off a Rewvolutiom, This has made ſome People fancy that the Fly adds a new Pour; 
fappoſing that a Fly jein d to an Engine that is to nove round does help to carry it about. But thi 
it may be ſaid in fome way: to: facilitate the Motion, by reaſon that it makes it more uniform and e- 
qual, yet upon the whole” it cauſes a Loſs of Power, and not Increaſe. For firſt, It requires a anti- 


* 
* * 


— 


nual Supply of Power to put the Fly in Motion to a certain Degree of Velocity, and to keep and main- 


tain it in that Velicity; for that the Fly has no Motion of its own, but what it receives from the in- 
preſi d Force. Secondly, The rubbing and wearing of the Pivots or Gudgeons of the Axis do ſtill bin- 


dium and boſe the: impreſs d Motion: And thirdly, The Air thro which the Weights at the Ends if the 
Fly do mowe, do alſo hinder” the Motion thro! it ( tho leſs when the Fly is circular] and both theſe In- 


pediments together, if the Fly be not flill ſupplied with new Power, will make it fland fill and be 


a2 Ne, c | | = | : 
Se Yar the BY can of” itſelf add nn new Power tu the: Motion off the Engine to\which it is applid, 


more than what is receiv'd. from the firſt Mover that impreſs d the Motion on it, but hoſes even jon 
of the firſt Motion. ee DT | 

But the reaſon how it becomes convenient and uſeful in many Engines ( as aue have ſpewn in the 
Wind/aſs or horizontal Axis in Peritrochio) is thig That, whereas either the Powers exerted 
7 the Engine are intermitted or unequal, and ſo the Motion is more difficult in one part of the Nevi- 
ution- than another, or perhaps the Strength of tbe Man, or any other Power to be ſupplied, canmt bt 
fo well applied: to one pant of the Revolution as it can to gr” Jos In theſe Caſes the Fly becomes a 
Moderator, and makes the Motion of Revolution almoſt every where equal, tho the Refiftances are wi 
equal, and the Forces impreſs'd are unequal ; for that it has accumulated in itſelf a great Deg#t f 
Power, which it equally and aka exerts, and as equally and gradually receives ; whence n, 
king the Revolution in all parts pretty near uniform, it becomes more pleaſant, eaſy, and conwentent 
to be atted and mov d by the impellim Force ; <vhich is the whole Benefit which is procur'd by li, Me- 
chanical Engine, this way ahl, But I hall fat , the Thad Jome other of i, Us 
another Flacè. | | | | 
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Horſe, that goes but about 2 Miles per Hour, carries * 24 lb „Lect. IV. | [ 
or ſometimes, when. the Roads are very good, and th Horſes FW © | 9 
ſtrong, 270 W. | 1 ry ng ef py oy rr oo an Mts I otra * Ann. 11. 


Mr. Richard New/ſham Engineer of Cloth-HFair near Smithfield, — 
has contriv'd: his Engines to put out Fires in ſuch af Xi 
part of the Men that work them -exert their Force by trea | 
_ which is more eſſectual than any other way that Men can work at ſuch 
Engines, the whole Weight of the Body being ſucceſſively throun 
on the Forcers of the Pumps; and even part of a Man's Strength 
may be added to the Weight hy means of horizontal Pieces to which 
he can app! his Hands when he is treading: Whereas, by apply- 
ing the Hands to move Leavers: or turn Winches, the Power mult 
act very unequally: This is the Reaſon why with the ſame Number 
of Men he has generally thrown Water farther, higher, and in great- 
er Quantities, with the ſame ſiz d Engines, than other Engineers 
who have try'd their Engines againſt his. 1 - 

N. B. His Engines have ſeveral Conventencies peculiar to 

them, which makes them preferable to all others that I ever 
ſaw for extinguiſhing accidental Fires; but I reſerve their 
Deſcription for another part of my Book, © E 


Tx laſt and moſt effectual way of a Man's working, is the Acti- 
on of rowing; wherein a Man aQts with. more. at onee for 
overcoming the Reſiſtance, than in any other Poſition ; and as he 
pulls backwards the Weight of his Body aſſiſts by way of Leaver. 


+. 


COROLLARY. . 
| From the Conſideration of the ſeveral Ways of a Man's acting in 


the way of Labour, compar'd with the laſt, we may ſee how much ” | 
People are miſtaken who think to row a Galley,Boat, or Barge,by ver- = 
tical Oars fix'd on a horizontal Axis like a Mill-Wheel, the Men .Y 


working this Machine by heaving at a Capſtane; or turning Winches 
within the Veſſel. For this will always be bringing the Men 
from eaſier and more effe&ual, to harder and leſs eo 
Works; as has been found by a great many more Enginers than will 
own it, and will be found by all that ſhall ever try it, be the Ma- 
chine made in any Shape whatever, unleſs when the Men work in a 
rowing Poſture. ng f 
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Left W. TCH PRODIGIOUS. Force may be e by the Muſcles of the 
Legs and Thighs to raiſe an immenſe Weight a ſmall Height; but 


as that Operation cannot be continued and brought to daily La. 
bour, I refer the curious Reader to the Notes where that 1 is more 


HA 7. fully explain d: * neither do I here take notice of digging, ham. 


mering, cleaving of Wood, or any of the laborious Operations 
of Handy- craft Trades; becauſe ſome Men are much more dextrous 
than others; and the fame Man by long Uſe becomes fo 

fect in one way of working, that by an acquir d Sleight he ſha 5 
twice the Work that an unexperienc'd Perſon can do, and yet not 
employ half ſo much Strength. But this is properly Craft and not 
mee which! laſt was 7 1 meant to conkicer here. 12255 
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Ax NO TAT TON S on Lecture IV. 
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1. AGE 184. — [ The Friction is equal to about one third of the Annotat. 
Heigbt, &c.] There are ſome Caſes wherein tHe Friction does not Lect. IV. 

come up to a third Part of the Weight of the Body which rubs; yl 

but as in moſt Caſes it does, I choſe to give that Proportion as the Found” 

tion of the Calculation of the Friction of an Engine compos'd of many 

Parts before we erett it, eſpecially in regard to the Manufactures, becauſe the 

wearing of the Parts of Machines will in time alter their Figure and en- 

creaſe the Friction. And it will be better in Practice to find the Friction 

to be leſs than in the Theory, tho' that ſeldom happens, when calculated 

from a third of the Weight. TH POOLE en e FRO. 


2. [Page 186. — I would require one third of the Height of the Sledge, 
&c.] In the Table of the Frictions of Sledges (Page 193, 194 and 195) 
quoted from Monſ. Camus's Experiments made on ſmall Models, there are 
more Caſes wherein the Friction is leſs, than where it is more, than one 
third of the Weight; but it is to be obſery'd, that in all his Experiments 
the Sledge is in Motion; but as 1 mention d in my laſt Note, I rather 
choſe to continue the Proportion of a third on account of Accidents, be- 
ginning to draw from Reſt, and meeting with Rubs and Unevenneſs in the 3 7 
Streets, Se. . . e ee, , 


3. [Page 201. — Vs cannot eupect that any Carriage to bear Weight 9 
can have ſo little Friction, &c. — the manner of remedying Friftion, &c.] 
If the Axels in ſome Carriages being made of Iron, and in others only 
clouted (that is cover'd) with Iron, were to run in braſs Boxes fix'd in the . 
Naves of the Wheels, they would go ſo much eafier, and wear fo much longer, 1 5 FE 
without danger of firing, as to make full Amends for the extraordinary Ex- 1 
pence. Where People are curious and don't value Coſt, as in Chaiſes and | | 
_ lome Chariots, an Iron Axel being leſs in Diameter will have leſs Friction in 
1 as it is ſmaller, and laſt very long if it turns in Boxes of caſt 
raſs; but the Gudgeon in the Box muſt be ſufficiently long, which it 
may be without enereaſing the Friction, as has been already prov'd, but 
will be more clearly evinc'd by Experiments made on a Machine which I 
ſhall deſcribe in this Annotation. - the Gudgeons are but two * er 
1 Inches 
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ghth part of 
the Weight. Therefore the Friction is made eight times leſs by means of theſt 


N 


I the Axes of the Rollers are made but of half the Diameter of the 

Gudgeon, as at E and F, then the Friction will be 16 times leſs; and 

por they will be ſufficiently firong 5 for as a Cylinder of half an Inch 

Diameter is equal in Strength tothe fourth part of one of an Inch, the four 

Ends of the Axis of two Rollers at one End will be equal in Strength to 
the Gudgeon, and at the other End, xt. 


Hence follows, that if the Ends of the Axes of the Rollers were each 
of them ſupported by two other ſuch Rollers, the Friction would again be 
diminiſhed 16 times more. Let us for Example ſuppoſe a Wheel to 5 


1 "ſe of Experimental Bibel f 4 


Foot in Dianidter and to weigh 648 iz, the third of that Weight for Annotat. 
Friction is 216 Th, which muſt be divided by 72, becauſe the Diameter of Lect. IV. 
the Gudgeon is ſo many times contained in the Diameter of the Wheel, yg 
and we ſhall have 3 iþ for the Friction of the Wheel upon common Hy” 1 | 
but this Number "muſt be divided by 16 times 18, that is, by 256, on | 
account of the Rollers bearing on Rollers, which will thus reduce the 55 
Friction to 777 i or kee more e e OOO or 3 1 
Drams of 16 to the Ounce, j | 


4. [Page 2 217. — ien on the Are], &5 Since, as we have id 

| wil already prov'd , the Friction ariſes from the Weight that preſſes . L 4 4. pags 
Parts together, and not from the Number of Parts that touch z there is no 184. 
Occaſion for ſhortening. the Axes of Wheels, either in Carriages or any 
other kind of Wheels in order to diminiſh the Friction; for that will not 
only fail of the deſu d End, but make the rubbing Axis wear out much 
N and in Clock-work it is of bad becauſe when the 
Holes are counter-ſunk to ſhorten the , the Holes ſoon wear too big, 
whereas, if they were made only cylindrien the thickneſs of the Frame-- 
Phe, d the Friction wou'd be no more, and the Pivots wou'd wear much 
longer; and indeed it is now what all good Clock-makers practiſe; for if 
it is but a ſmall Depth to hold Oil. pee are 


they counter-fink, 


the following Machine „ 


Plat 1 8. Fg. 8 


. thi flat braſs Plate A BC (which 3 is has 
as the Machine) are fix'd two upright Plates D 


* 
3 
7 


epreſented almoſt as big 
E, with a Slit in one 


| of them at D, and a Hole in the other between the Letters K and L., to 


receive the finall Pivots at the Ends of the Axis D K of the Wheels 

reel But thoſe Pivots, which are but about one 5oth of an Inch in 

Diameter, do not bear on the Hole NN. Dy - : 
for they are ſapported upon two circular Plates or Rollers at each- End of ä f 
the Axis, viz. the vertical Zh Plats Mr, M 2, M 5, M 4, in the manner  ,,:., 
deſeribd i in the laſt Note, and repreſented at Gg 5 6. [4 and the Sefti- tri 18. P.6. „„ 
on of one of the Rollers or Plates is ſhewm by Fig, 7. So that when the 7. 5, 2 nn 
Wheel turns round one way, all the rolling Plates turn the contraty way as 
freely as if the Pivot had been a Pinion, and the Wheels or Plates had been 
tooth d, becauſe the Axes of the Plates have very ſmall Pots _ turn 01. 
in very ſmooth Holes, that are made andpoliſh'd in the four upright f- W 
Plates or Cocks N, N 2, O and P, which laſt Cock has only — on; 
its Babs viſible in the Figure, the Wheel M2 hiding it in this Situation 
of the Machine. The little Cocks, ſuch as D, a, 4, ſerve for the Ends ba 
of the Pivots to bear againſt (boch for the great Wheet and the four . be * 1 
tle Wheels, there being ten of them of which only three are viſible here) 1 1 
and by that Reſiſtance againft the _ the Shoulders as CC, Fig. 7. pl. 18. .. 3 
will never tub at all, „„ 

KRK 1 By 
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Annotat. 


A Cnurſe of Evperimemal Philoſophy. 


By this means the great Wheel has ſo little Friction, that if we apply 


Lect. IV. a Finger to its Circumference to put it briskly in Motion, any Point of 
its Circumference will go more than the ſpace of a Mile before the Wheel 


ſtops; for tho one cannot count the Number of Revolutions of the great 


Wheel by looking at it, yet one may know their Number by looking at 
the Holes which are left in the ſmall Wheels (one in each) for that Pur. 


poſe; for _ being two Inches Diameter turn but once whilſt the great 


Wheel (whoſe Pivots gives them Motion) turns ſixty times. 
The Friction of the great Wheel thus becoming ſo little, as to be in a 
manner inſenſible, it is fit for the Purpoſe intended. Then on the top of 


the Cock or upright Piece Q R, ſerew d down faſt by its Baſe or Foot Q, 


is faſten'd by a Screw at R one End of the Spiral Spring 8 1, 82, 83, 84, 
whoſe other End is faſten'd to the Axis of the great Wheel near 84. 
Now if the Wheel be made to turn on its Pivots, by bringing the Point 7, 


of its Circumference towards the Index I, which points to Degrees on 


the Edge of the Wheel (but not repreſented here except by the Dots 


marked from Z towards Y) as ſoon as we let it go it will return towards Z 


and make ſeveral Vibrations backwards and forwards, like the Balance of a 


Watch, for a long time; but if any thing bears againſt the Axis HID, 


be fewer Vibrations in proportion to that Friction. Now te ſhew that the 


which is truly cylindrical and one th of an Inch Diameter, then there will 


Friction is proportional to the Weight that preſſes on the Axis, and not the 


Surface, the following Experiments are made. 


ExPERIMEN T I. 


 _ 4Þ1.18.F.9. Take the Piece of Figere 9 + weighing half an Ounce (being made in 


the Form of a flat Croſs, and after filing, ground ſmooth upon an Oil-ſtone 


on the flat Under- ſide of V, with a little Hole at the End IJ, and a ſmall fo- 


lid round Piece hanging down at the oppoſite End 5] and lay it over the 
Axis of the Wheel betwixt I and D, ſo that the Weight of the _— 
End X, drawing down the flat V upon the ſaid Axis, makes the End I ri 


with its little Hole againſt the Point or lower End of the Screw J of the 
Cock T, which keeps it in its Place when the Axis turns round under it; 
then having brought Z to I, or drawn back that Point againſt the Bent of 


Pl. 18. F. 8, 
7 Pl. 18. F. 10. 


the Spring about 90 Degrees, obſerve the Number of Vibrations that the 
Wheel makes before it ſtands ſtill by the Friction of the Croſs in the Situa- 


tion repreſented by faint Lines, at TV X Fig. 8. * Suppoſe the Num- 
ber of the Vibrations be 50 then the Croſs of Fig. 10. + be put on in 
the ſame manner and at the fame time juſt by the other, and kept in its 
Place by the bottom of the other Screw t; as it is exactly the ſame in Fi- 


gure and Weight as the firſt Croſs, it will add as much more to the Friction 


of the Axis, the Weight prefling as well as the Surface rubbing being dou- 
bled; which appears by giving Motion to the Wheel as before, becauſe 
then the Number of Vibrations will be but 25. TS: 


_Exrt 


C ** 


<A 15 1 
. 0 
. 4 8 5 
5 #* * 5 3 +, 


1 . 8 72 5 75 w* £ 
: . Fog „ n . 
Keds, ns 
„ 
1 3 
| 7 CF. > 


* . ; . | i | 
vo 4 = x 1 7 : . 5 
* * 8 J 2 Y 
> i „ * ; 7 
Pl . 6-4 9 * panty * 
* 5 25 a& 
s 1 a 8 
p Y 
, 1 
„ 5 . 2 
& N 1 
FL ; : 


Anmotat. 


A Curſe of Experimental Pin 


I Inſtead of the two Croſſes abovementianed, put on the Croſs of Ng. 11, Lect. IV. 


# which weighs one Ounce (that is as much as the two others) but hn Yue: 
the Surface under V exactly ſmooth'd and poliſh'd like the others: Then 18.F-11. . 
t the Wheel in Motion as before, and the Vibrations will be but 25 in 5 
Number, tho' the Sur face rubbing is but. half, becauſe the Weight is the 
Game. And this is further prov'd bßß . 
EN FRN l 


N * 


In which, the Piece X muſt be unſcrew'd from its Place and ſcrewd a- 
gain in the ſame Hole on the other ſide of the Croſs to bring the little Flat 
of the Prim at V to bear upon the Axis of the great Wheel inſtead of the 
broad Part of the Croſs. Then alſo will the Wheel loſe its Motion after 
25 Vibrations, tho' the bearing Surface be above twenty times leſs than 
men both the firſt Croſſes were on; becauſe. the Weight is the ſame, 


5. [Page 232. ſhou d alter the manner of working, & c. inſtead of 
gaining an Advantage he muſs call in more Men to perform the Work, 
Some have endeayour'd to render this Engine more uſeful by cauſing ,it -- 
to roll upon an inclin'd Plane, inſtead of making it riſe directly up in the 
manner deſcrib'd, and condemn'd in my Account of it. I thought proper 
to thew here, what muſt be the Loſs of the Power in proportion to the 
| inclination of the Plane, %%% ĩ K 
I fay therefore, That in every Inclination of the Plane, if the Sine of 
the Angle of Inclination be taken in Parts of the Radius of the Axel, or 
Koller, The Power will be to the Weight ;; as the Radius-of the Roller + 
the Sine of Inclination : to the Radius of the Mheal, — the ſaid Sine of | 
Inclination; that is, in the Fig. P (=1):W (=3) dk: ak. T Plate; Pl. 15. F. 1. 
19. Hg. 1. F VVV 
In the preſent Experiment B E is an inclin d Plane, on which the. Roll- 
er C is to roll up, touching the ſaid Plane at the Point ; AM is the 
Wheel behind that Plane; another ſuch Plane, and equally inclin'd, being 
alſo ſupposꝰd behind the Wheel, to ſupport the other End of the Roller. 
The Lines of Direction of the. Power and Weight being 4 P and aW; 
through the Point of Contact or Center of Motion c, draw A D parallel 
to the Horizon, and perpendicular to 2 P and 4 W; through the Center 
of the Engine C, draw ad parallel to AD. Suppoſe the Angle Be A of 
the Plane's Inclination to be 30%, the right Sine will then be equal to half 
the Radius; therefore dividing C2 (the Radius of the Roller) into two 
equal parts at &, if you draw kc and Ce, the Angle KC will be equal 
to Be A, and its Sine will be Ck. Now ſince it is evidently the Aine 5 
thing to make uſe of ad for a Lever, whoſe Center of Motion is at k, 
as of AD equal and parallel to it with its Center of Motion at c: ijt 
follows, that, in this Inclination of the Plane, the Diſtance of the Weight 
dk is greater than dC (the Diſtance of the Weight in the common Uſe of | 
© FT this 
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Annotat. this Engine) by the Addition. of this Quantity C &, the Sine of the 
Lect. IV. of Inclination; and #, the Diſtance of the 41 4 is leſs than Ca (the 
— DO of the Power in the common way) by the Subtraftion of the 
1 : 4.21.19 * Mn "ve Sine C: conſequently that =; an EO nes the Pon. 
25 8 the e E. 


COROLLARY ; 


1 it follows, that the Radius of the Wheel, a the Radivs of 
the Roller being given, the Loſs of Power may be found i in any Inclins 
tion of the Plane. Thus, as here the Power, which in the common Way 
wou'd be but one 5th of the Weight, muſt be one 3d part of it: So if the 

Angle of the Plane's Inclination Was but BT; 32's the e wou d be one 
e Weight , a FILE 


COROLLARY N. 


1 e follows alſo, that if the Plane B E be horizontal, no Force 
| the Power vill be loſt, becauſe eg: 2: CG: CF. 


s O I . 


8 * the Endler of the winding of che Hoge, 5 28 Bei in Wn 
Way, is greater than the Friction of the Pivot in the old Way (beſides 
the Friftion of the Collars of the Counterpoiſe to the Engine) fo that 
Friftion diminiſhes, as the Ropes bear leſs Weight, according to the Di- 
minution of the Angle of of the Plane; and when the Plane is horizontal, 
and without a Counterpoiſe, even then the winding up of the Ropes, and 

13 3 4 Preſſure of the Roller againſt the Plane, is equal to > the EGS in the 

1 Common way. 

= N. B. I made the Experiment with Pivots twelve times 25 in | Dian 

ter than the os and pc rr Sile ee of Ropes. ©: 


N LY 6. [Page 243. — Men are e 1 in Strength 10 one , Horſe, & 7 80 
WV „ Piet Engliſh ; as have compar'd together the Strength of Men and 

Horles at a Capſtane have found their Forces to be in that proportion, 

| as Sir Jonas Moore and others, Sc. But the French Authors always 

make an Horſe equal to ſeven Men; which I believe to be according 00 

their Obſervations. Nay, and J have obſerv'd the Labourers in Holland (ont 

with another) to work with a Force pretty near in that Pr 85 

that we may ſay, — That five Engliſh Labourers are equal to an Horſe, aud 

only ſeven: French Men or as many Dutch Men. But here we do not at all 

confider Skill, or Sleight, which make a Man of the ſame- Strength do 


much more than another. But in 7; urkey the Porters will carry twict 


more than the ſtrongeſt Engliſh TOs, as we * more e 
* the next Note. if 
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7. [Page 248. —# prodigious Force may be exeried, aeg About 30 Years 
ago one Joyce, a Kentiſh Man, famous for his great Strength (tho not 
uite ſo ſtrong as the King of Poland, hy the Accounts we have of that Prince) 

d ſeveral Feats in London and the Country, which ſo much ſurpriz d 


the Spektators, that he was by moſt People call d the ſecond Sampſon; 


1 7 
1 HY 


1 . 
» + - > 3 # 
„ ef we 


„ 


Lett. IV. 


F * I 1 2 
T *% "5 1 5 7 * 
* 1 * 0 * 122 * 8 * 


but tho? the Poſtures which he had learn'd to put his Body into, and found 


out by Practice without any mechanical Theory, were ſuch as would make 
à Man of common Strength do ſuch Feats as i ſurprizing to 
every body that did not know the Advantage of thoſe Poſitions of the 


Body; yet no body then attempted to draw againſt Horſes, or raiſe great 


Weights, or to do any other thing in Imitation of him; becauſe, as he was 
very ſtrong in the Arms, and graſp'd thoſe that try'd his Strength that way 

ſo hard, that they were oblig'd immediately. to defire him to deſiſt, his 
other Feats (wherein his manner of acting was chiefly owing to the me- 
chanical Advantage gain'd by the Poſition of his Body) were intirely at- 
tributed e IG. ontn ly 
But when he had been gone out of England, or had ceaſed to ſhew his 
Performances, for eight or ten Years; Men of ordinary Strength found out 


the Way of making ſuch Advantage of the ſame Poſtures as Joyce had put 


himſelf into, as to paſs for Men of more than common Strength, by 
drawing againſt Horſes, breaking Ropes, lifting vaſt fe a2 Sc. (tho 
they cou'd in none of the Poſtures really perform ſo much as Joyce; yet 


they did enough to amaze and amuſe and get a great deal of Money) ſo 


| that every two or three Years we had a new /econd Sampſon. 
About 15 Years ago a German of middle Size, and but ordin 

ſhew'd himſelf at the Blue Poſts in the Hay Market, and by the Contri- 

| vances abovementioned, paſs'd for a Man of uncommon Strength, and got 


Strength, 


conſiderable Sums of Money by the daily Concourſe of Spectators. Af- 


ter * ſeen him once, I gueſsd at his manner of impoſing up- 
on the Multitude; and being reſolved to be fully ſatisfied in the Matter, 
I took four very curious Perſons with me to ſee him again, viz. the Lord 
Marquis of Tullibardin, Dr. Alexander Stuart, Dr. Pringle, and a me- 


chanical Workman, who us'd to aſſiſt me in my Courſes of Experiments. 


We plac'd our ſelves in ſich manner round the Operator as to be able to 
obſerve nicely all that he did, and found it ſo practicable, that we per- 
form'd ſeveral of his Feats that Evening by our ſelves, and afterwards 1 
did moſt of the reſt as ſoon as J had a Frame made to ſit in to draw, and 


another to ſtand in and lift great Weights, together with a proper Girdle and + 


Hooks, I likewiſe ſhew'd ſome of the Experiments before the Royal Society; 
| and eyer fince, at my Experimental Lectures, I explain the Reaſon of ſuch 


Performances, and take any Perſon of ordinary Strength that has a mind to 


try, who can eaſily do all that the German abovemention'd us'd to do, without 
my Danger or extraordinary ſtraining, by making uſe of my Apparatus for 


that Purpoſe. I don't hear that any of theſe Samp/ons have attempted ſince 


to impoſe upon People in the ſame manner in or near London. 5 
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of Experimental Philoſophy. 


Annotat. But now it will not be im roper to mention what were the Feats of 


Lect. IV. Strength which the German us d to perform (for I never ſaw Joyce) and to 


— muy from the Make of the human Body, how eaſily any one may do the 
+/T {4 Tame.” „„ oy 8 „ 
, The ſtrong Man IH L on the Frame AGBEFCD ſiat upon an 
* Pl. 19. F. t. horizontal Board, or rather inclining backwards as F G, & with his Feet 
| _ againſt an upright immoveable Prop as D CF counterbrac'd at E, with a 
ſtrong Girdle H round him a little below his Hips; to the Iron Rings of 
which Girdle was faſten'd a Rope by means of a Hook. The Rope went 
between his Legs and thro” a Slit of the Prop at L, and ſeveral Men at 
— N, or two Horſes could not by their pulling, move him out of his 
ECL ETCTT o, wt 9,” C 1 
N. B. His Hands at K ſeem d to pull, but were of no Advantage to bin: 
nua had he lifted the Rope ever ſo little with them, it would bave been a 
Diſadvantage: and tho' the Board ow which be ſat was (when I ſay 
him) in the horizontal Poſition L P, it is much better and leſs dangerius 
to have it inclin d as FG, and only an Hole at L for the Rope to run 
thro inſtead of an opening from Li up 10 D, as I ſhall ſhew in explaining 
this Operation. © 5 ee 4 535 
Pl. 19. F. 3, 2dly, The ſame Man IH L + having fixd the Rope abovementioned 
round a ſtrong Poſt at R, and then paſs d it thro a fix d Iron Eye at L, 
fix d it to his Girdle, and ſetting his Feet againſt the Poſt near the ſaid Eye 
rais'd himſelf from the Ground by the ſaid Rope, which he broke by 
ſuddenly ſtretching out his Legs and fell backwards on a Feather Bed at 
B laid on the Ground to catch him that his Fall might not hurt him. = 
* Pl. 19. F. 4. 3dly, He lay down on the Ground in the Poſture IHL “ with an An- 
vil KH on his Breaſt at H, upon which another Man M hammer'd with 
all his Force the Iron K with a Sledge Hammer; and ſometimes two 
Smiths cut a great cold Iron Bar in two with Chizzels. Sometimes a 
great Stone of which the half is ſeen at 8 was laid upon his Belly and 
broke with a Blow of the great Hammer. But he had the Stone broke 
upon his Belly in the Poſture of Fig. 5. which is much leſs dangerous 
when nothing is under the Back, than when a Man lies upon folid Ground, 
as we ſhall ſhew. zz. ea. 
465%, The pretended Sampſon puts his Shoulders (not his Head as he 
15 to give out) upon one Chair and his Heels upon another, and ſup- 
ports one or two Men ſtanding upon his Belly, raifing them up and down 
= as he breathes, making with his Back-bone and Thighs and Legs the Arch 
+ Pl. 19.F.5.I H L, + whoſe Abutments are at I and 0. 
N. B. The Stone of one and a half Foot long, one Foot broad, and fot u 
ix Inches thick, is laid on at H when it is to be broken by a Blow f 
Hammer. n | ls HE 


* 


pl. 19. F. 6. 5thly, He lies down on the Ground in the Poſture I HL *, and the 


Man M ſtanding upon his Knees, he draws his Heels towards 
his Breech and fo raiſes his Knees over C, and lifts up the Man gradually, 
till having brought perpendicularly under the Man as in Fig. 7. he 75 


A Courſe f 
his own Body up, and putting his Arms about the Man's Legs riſes with Annotat. 
him and ſets him down on ſome low Table or Eminence about the Height Lect. IV. 
of his Knees : and this he ſometimes does with two Men; which is no 
difficult Performance. _ ing 7 Boas Bop „ | 


' 6thly, He ftands in the Frame A BC DE Ele and pretends to raiſe up, Pl 20-F.2. | 


but does really ſufain, a Cannon C laid on the Scale Ss, the Ropes of 
the Scale being fix d to a Rope or Chain LH, hanging at his Girdle H, 
his Aſſiſtant knocking away the Rollers R, r, from under the Scale when 
once he has fix d himſelf ſo as to have his Ropes tight and his Legs and 
N. B. It is very near as eaſy to break the Rope with the Eye L fix'd 


into the Ground or Floor by means of the Girdle H, + Fig. 1. as inf Pl. 20. F. 1. 
the manner repreſented in the * third Fig. of Plate 19. Bus he never Pl. 19. F. 3. 


7 


tried it that way; becauſe it is ſo obvious that ſeveral People wou d imme- 
diiately have iried it too, and would find that there is no difficulty in breaking 
- the Rope thus, as I have often done it; but by making the Fall backwards 
ſeem neceſſary in the Operation, few Perſons care to try it his mag. 
The f qth Figure repreſents the Girdle made of ſtrong double Horſe Girt, f Pl. 20. F.3, 
with ſtrong Iron Loops at G and R. The Hook is ſeen at Fig. 5; and 4, and 5. 
the Poſition of the Iron Eye at Fig. 3, where you may obſerve that the 
Edge of the Eye, and not the open part, is towards the Poſt, ſo that the 
Rope does not eaſily ſlip thro' the Hole, but jams or ſtops in it, where- 
by the whole Strength of the Man's Effort acts upon one part of the Rope, 
The Man likewiſe us'd to take a flat Piece of Iron of the Figure marked 
7, and twiſt it into a Screw. But his manner of doing it made it very“ Pl. 20. F.7, 


eaſy; for he firſt bent the Iron to a right Angle, as at Fig. 8: then wrap- $ and 9. 


ping his Handkerchief about the broad flat upper End of the Iron, he 
- held that End in his left Hand, and with his right Hand applied to the 
other End twiſted about the angular Point, as in Fig. 4. -.. 
N. B. My Lord TULLIBARDIN root one of his Irons and did the ſame 
Dying before him; and indeed what was harder, for he untwiſted one of 
» the 1rons that the Man had tui e. 
In order to explain how the abovemention d Feats may be perform'd 
by Men of no extraordinary Strength, I have in the oth Figure * drawn , pl. 20. F. 6. 
the lower part of a Skeleton, containing ſo many of the Bones of the hu- 
man Body as are concern'd in theſe Operations, making the Figure pretty 
large, to ſhew the better how the Girdle is to he applied. 
Ihe Bones mark d, IS APAI (a) which compoſe the Cavity call'd the 
Pelvis, contain a bony Circle or double Arch of ſuch Strength, that it 
would require an immenſe Force to 8 of them by an external Preſſure di- 
1.76.95 bs $40 e een ien 


8 Theſe Bones are ** dibinguibbed by am 95 is 8, the Os eee n II : / 2 Tim ? A A, 
the Os Iichium ; whoſe flrongeft part has on each $ 4 an hemiſpherical Concave, in which the rom 
Head of the Thi þ Bone is receiv'd and turns round, being held by a from Ligament in its middle: 
2 1 of the Bone that join "together before betwixt A A and above P are call d the Os P ubis 

is. | | | | 7 | 
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Arnotat. rected towards the Center of the Circle, or the middle of the Pelvis, It 
Lect. IV. is alſo to be obſerv'd, that thoſe Parts of this bony Circumference, which 
dV No receive the Heads of the Thigh-bone above, at, and below A, call'd the 
ilcbium or Coxendix, are the ſtrongeſt of all, ſo that a very great Force may 
 _ puſh the Heads of the Thigh- bones upwards (or, which is the fame thing, 
the upper Parts of the Coxendix downwards) or towards each other in a 
lateral Direction from A to A, without doing any Hurt to the human Body. 
No if the Girdle above deſcrib'd be put round the Body in the man- 
ner repreſented in the Figure, and be drawn downwards at G by a great 
Weight W, it will preſs on the Os Sacrum behind, and the Ilium; then it 
will by its Preſſure on T T the great Trochanters of the Thigh-bones 
drive the round Heads the faſter into their Sockets, fo as to make them 
leſs liable to ſlip out and ſtrain the Ligament by a Puſh directed upwards, 
So that the ſemicircular Part of the Girdle TCSCT prefſes together the 
bony Arch denoted by the ſame Letters, which, according to the nature of 
Arches, is the ftronger for that Preſſure. The Abutments of the Arch 
cannot come nearer together by reaſon of the Reſiſtance of the ſtrong Bones 
APA, neither can they fly outwards, becauſe the Girdle keeps them to- 
gether. Then the Thighs and Legs T DB are two ſtrong Columns, ca- 
pable of ſuſtaining four or five thouſand Pounds at leaſt, provided they 
ſtand quite upright. The ' Muſcles here are put to no Strain, being no 
farther concert'd than to balance each other; that is, the antagoniſt Muſ- 
cles, Extenfors and  Flexoys only keep the Bones in their Place, which 

makes them reſiſt like one entire Bone form'd into an Aren. 
1 pl. 20. F. 2. This ſhews how eaſily che Man of Fig. 2. * may ſuſtain a Cannon of 
. two or three thouſand Pound Weight. The fame Solution will alſo ſerve 
+ Pl, 19. F. 1. for the Reſiſtance of the Man of Fig. 1. Plate 19. + whom five Men (nay 
ten Men or two Horſes) cannot pull out of his Situation when he ſits ſo as to 
have his Legs and Thighs in the horizontal Line PF, or in a Line in- 
clining downwards towards A; for then, tho there is a difference in the 
fitting Poſture from the ſtanding Poſture before deſcrib'd, yet by reaſon 
of the Mobility of the Heads of the Thigh-bones in the Acerabuls or Ca- 
vities of the Coxendix, the Arch is the ſame and as ſtrong as before, its 
Abutments being equally ſupported by the Legs and Thighs. It is only 
the bending of the Back- bone above the Girdle to bring up the Body 
which makes the difference of Poſition in the Man, tho? not ſenſibly 
in the reſiſting Parts. The Impoſſibility of overcoming the Reſiſtance of 
the Man that fits with the Girdle about him, without cruſhing his Legs 
Fr, and Thighs end-wiſe into one another, depends upon what has been faid 
* Ann, L. in the “ fiſth Note of the third Lecture (Page 144) where we have ſheyn 
III. p. 144. that a Power acts ineffeftually upon a Leaver, when it draws it againſt the 
CTenter of Motion. This will be further explain'd by the 2d Fig. of Plate 
Pl. 19. F. 2. 19, * where the Leaver HL, whoſe Center of Motion is at L, repreſents the 
ſtrong Man's Legs and Thighs, the Power of the Men or Horſes pulling 2t . 
M, being applied at H, and drawing in the Direction H L. The fame 
will happen when the Leaver is in the Poſition HL; but if the Manon 
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ſit with his Breech higher than his Feet, ſo as to have his Legs and Annotat. 
Thighs in the Poſition of the Leaver þ L, M76, the Line of Direftion Lect. IV. 
of the Power. wou'd make with the Leaver the Angle IbL, ubole Sine CAR 
being /L wou'd reduce the Action of the Power to the ſame Thing as if 
the Weight of the Man Was ſuſpen ed at h the long Bra chium of 2 ben on 

ed Leaver VL and the Power ſhou d draw at the Point 7, by the ſhort 
greater than that of h to IL, the Man wou'd be pull'd upwards in an Arc 

whoſe Center is at L, his Reſiſtance decreaſing concinyally 3 becauſe then 

only his Weight wou'd att againſt the Power, by. the help of a Leaver 

which in its Motion wou'd continually encreaſe the acting Diftance of the 

Power, and diminiſh that of the Weight. Now as this may 1 

Man ſitting upon a horizontal Board, if his Girdle be a little too high, 

or he be pull'd on the ſudden, before he is rightly fix d and his Legs 


: 1 » 


cline in the manner FG * to prevent ſuch a Surprize, which can hard- Pl. 19. F. 1. 
ly happen then, becauſe the Point H muſt riſe quite above the Line 
LP before the Power can gain any Advantage. Nay, for greater Security, 
inſtead of the ſlit DL (or LI f Fig. 2.) I uſe only an Hole at L, for f Pl. 19. F. 2. 
the Rope to pals thro”, and always be between the Legs and Feet. FORD, 
I have obſerv'd the pretended Strong Man ſometimes to have a ſhort ſtrong 

Stick of about a Foot long tied to the Rope 5 K, that in caſe of a Su- 

prize, that Stick might ſtop againſt the Props D and C, ſo as to prevent 

his being drawn. any farther forward in ſuch a Caſe ; and then he held 

the Stick in his Hands, pretending to pull with his Hands to make the 


* 
* 


Trick appear the more ſtrange. FFF 

But in breaking the Rope the Muſcles muſt act in extending the Legs; 

and that we may the better explain that Action, we muſt conſider a Man | 

breaking the Rope as repreſented in the firſt Fig. of Plate 20. that WAY + pl. 20. F. 1. 

being more ſimple than when it is broken in manner of Fig. 3. Plate 19. + + Pl. 19. F.3. 

The Rope being faſten'd to a Poſt at P, or any other fix'd Point, is | 
brought thro' an Iron Eye L to the Hook of the Girdle H of the Man 

HI, and fo fix d to it by a Loop, or otherwiſe, as to be quite tight, whilſt 
the Man's Knees are ſo bended as to want about an Inch of haying his 

Legs and Thighs quite upright. Then if the Man on the ſudden ſtretches 

his Legs aud ſets himſelf upright, he will with Eaſe break the very ſame 

| Rope which held two Horſes exerting their whole Strength when they 

draw againſt him; ſuch as a Cart Rope, or a Rope of near three quarters 

of an Inch Diameter, which may be broken by a Man of middling Strength, 


by the Action | 


ing ; | K ; 4 £7 * 4 3 5 N {4 VS” of 
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(a) The froe Muſcles that extend each Leg are deſeri'd by the Anatomifts, Their Names are, 
1. . ariſing from the upper part of the Spine of the Os Ilium, We inſerted a litili be- 


low the Knee into the outer and the farefide of the Tibia and Fibula. 2. The Refus ſpringing from 
the Jouer part of the Shins of Os Lian, and infeted al a bt babes the Knee ints the forge y 
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266 A Courſe of Erperimeutal Philoſophy. | 
Annotat. i II the Rope is rong enough to bear 1800 Ib, but mill break by bang 
Lect. VI. ng a little more Weight to it; two Horſes, or ten Men, cannot break it 

fair pulling or drawing againſt the ſitting Man of Fig. 1. Plate 19. * 


Pl. 19. F. 1. For as an Horſe in common hard Work of fix Hours a Day can only pull 
| + Page 241. 240 h, f he cannot draw more than double that Weight when he is 


whipp'd and exerts himſelf; ſo that two Horſes, or ten Men, equivalent 

to them, cannot with a Jirk draw above 1000 15, whereas the Rope has 

been ſuppos'd ſtrong enough to ſuſtain 1800 tb, and yet it may be broken 

* Pl. 20. F. 1. by an ordinary Man in the Poſture of Fig. 1. Plate 20. * Neither need 

we wonder that the Muſcles Extenſors of the Legs ſhould exert ſo much 
Force, when we confider their Bigneſs and Length; eſpecially if we com- 
pare them with the four Muſcles that pull up the lower Jaw-bone (which tho 
they all four do not weigh a Pound) yet enable ſome Men to crack an A- 

38 or a Peach - ſtone, which could not be broken without an immenſe 

I. eight, Þ See the 6th Note of our third Lecture, from Page 153 to 

Page 159; or more fully to fatisfy one's Curioſity, one may conſult Borellis 

Book de Motu Animalium, where he has ſhewn the particular Strength of 

. % % %k;‚..... TT 
«Pl, 19. F. 3. The manner of breaking the Rope as repreſented in * Fig. 3. of Pl. rg. 

tho' more troubleſome, is alſo more effectual for breaking the Rope, than 

that which we have been deſcribing; for the ſame Man may break a Rope 

in this Poſition, which he cannot break in the other. To underſtand this 

we muſt obſerve, that the Man takes the Rope fo ſhort, that when he 

climbs up againſt the Poſt, if the Eye L (thro' which the Rope paſſes) 

be between his Toes, his Heels being lower at T, when his Knees are 

ſtreight, the . length of his Legs and Thighs T H 1s greater than the 

length of the Rope and Girdle from L to H; fo that we may conſider in 

the Man and Rope the Triangle Ih drawn below the Man in the Figure; 

| the Side /h, repreſenting the Length of the Rope and Diameter of the 
Girdle; the Baſe It, the Man's Feet; and the longeſt Side 7 h the extend- 

ed Limbs or the Legs and Thighs when ſtreight. Now in the Rotation 

of the long Sides of this Triangle, when the Side / h comes to be horizon- 

tal at Ir (moving in the Arc hr round the Center „, the Side f? h will be 

in the Situation 7 (as it moves round the Center 7 in the Arc hb 5s) and 

conſequently either the Rope muſt ſtretch from er to h, or the Point h, by 

the bending of the Knees muſt be brought nearer and come to r; or elſe 


the Rope muſt break, which is what will happen, eſpecially when we con 


ſider that the lower the Body (with the Limbs ſtiff) comes down round 
the Heels for the Center of Motion, the greater will the Diſtance rh be, 
as we may ſee a little lower at 75; fo that if the Rope did ſtretch a little 
at firſt, it muſt break at laſt, and the Man fall down upon the Feather-bed, 


the Tibia. 3. The Vaſtus Externus, /ſpringii the Root of the greater Rotator, and inſerted 
aà little below the Patella, near the ike bo Kite? the 33 4.4 Vaſtus internus, which 
ariſes from the Root of the laſer Rolator, and likewiſe is inſerted a little below the Patella. 5. Th 
#fth is the Crareus ſpringing * the forepart of the Thigh bone, between the two Rotators, and 
ending in the ſame Place with the 5 


ormer. 
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or other ſoft Body to receive him, at B. For if the Man finds that the Annotat. 
Action of the Muſcles Extenſors of the Legs does not break the Rope, Lect. IV. 
he can in this Poſition eaſily add the whole Weight of his Body with a 
Swing and a Jerk as he throws himſelf baer. EP 
The Poſture of Fig. a. Plate 19. (where the ſtrong Man having an“ Pl. 19. F. 4. 
Anvil on his Breaſt or Belly, ſuffers another Man or two to ſtrike with a b 
| Sledge Hammer and forge a Piece of Iron, or cut a Bar cold with Chiz- 

| zels) tho it ſeems ſurprizing to ſome People, has nothing in it to be really 

wonder'd at; for ſuſtaining the Anvil is the whole Matter, and the hea- 

vier the Anvil is, the leſs are the Blows felt; and if the Anvil was but two 

or three times heavier than the Hammer, the ſtrong Man would be kill'd 

by a few Blows. © This will be eaſily underſtood by calling to mind what 


we have ſaid in the ſecond Lecture; for the more Matter the Anvil has, 


the more Inertia and the leſs liable it is to be ſtruck out of its Place; becauſe 
when it has by the Blow receiv'd the whole Momentum. of the Hammer, 
its Velocity will be ſo much leſs than that of the Hammer as it has more 
Matter than the Hammer. Neither are we in that Caſe to attribute to 


the Anvil a Velocity leſs. than the Hammer in a reciprocal Proportion of” 


their Maſſes or Quantities of Matter; for that would happen only if the 
Anvil was to hang freely, in the Air (for example) by a Rope, and it 
was ſtruck horizontally by the Hammer; but the Reſiſtance of the Ribs 
which make an Arch under it, will ſtill diminiſh that Velocity: So that if 
the Hammer ſtriking the Anvil when hung freely, could make it move an 
Inch out of its Place; by putting a Reſiſtance behind it equal to the Weight - 
of the Anvil it would move but half an Inch, and but a quarter of an Inch 
if that Reſiſtance was double, c. Thus is the Velocity given by the 
Hammer diſtributed to all the Parts of a great Stone, when it is laid upon 
the Man's Breaſt to be broken; but when the Blow is given, the Man feels 
leſs of the Weight of the Stone than he did before, becauſe in the Re- 
action of the Stone, all the Parts of it round*about the Stone, riſe towards the 
Blow, and if the "Tenacity of the Parts of the Stone, is not ſtronger than 
| the Force with which it moves towards the Hammer, the Stone mult break; 
which it does when the Blow is ſtrong and ſtruck upon the Center of Gra- 
vity of the bile ¶ 85 % Ys 

N. B. That the Parts of Bodies fliruck move towards the Blow, is a Con- 
— * of a Law of Nature, which ſhall be explain d in my net 

„Aal ²·˙ I CCTV kh | | 

I ſhould be too tedious to be as particular in my Explanation of the o- 
ther Feats of Strength as I have been in theſe above-mentioned. There- 
fore I will only lightly conſider the following ones; eſpecially, ſince the 
Principles already explain'd in the Lectures paſt, and the Conſiderations 
Juſt mention'd, will enable any one eaſily to diſcover the Reaſon of all ſuch 
Performances. = : | 2 1 
In the 5th Fig. of Plate 19. F The Man I HL (the Chairs I, L, be- Pl. 15. F. 5. 
ing made faſt) makes ſo ſtrong an Arch with his Back- bone and the Bones 
of his Legs and Thighs, as to be able not only. to ſuſtain one Mao, but 


2 — 


CCC as i i a ee a + 5, 14 ARR HE ROI Let e * 


262 


Lect. IV. Stone to be broken with one Blow. 


— In the 6th and 7th Figure of the fame Plate * a Man or two are md 
Pl. i9. F. 6, in the Direction C M by the Knees of the ſtrong Man IH L. og upon 
„ ; bend the 


his Back. Now. we muſt obſerve that the five Muſcles (a) Whi 


Legs (tho' weaker than the Extenſors, becauſe they are not to carry the | 


Body in our common Motions) a& with their greateſt Force at the Begin. 

ning of this Operation, as all Muſeles do when from their full Extent they 

begin to contract; and to relieve them in their Action as the Heels come 

forward from the Point L they ſtop againſt the Ground and keep the Body 

M in the Place which it is riſen to: So that the Action of theſe Flexors is re- 

| iterated, and they have time to be recruited with freſh Spirits (or whatever 

Fluid is the firſt Cauſe of their Inflation) and when they are fo far con- 

trated as to act more weakly, the Preflure of the Weight affects them leſ 

and leſs, the Bones ſupporting more of the Weight as they become more 
perpendicular, and conſequently the Muſcles have-leſs occaſion to aft, See 
* Pl.19. F. 3. Ps. 7. * The reft of the Performance, viz. of ſetting the Man M upon 
15 79 


able, is very eaſy and obvious, the ſtrong Man having now only his onn 


Body to lift up, which he helps by putting his Hands round the Mans 

Feet or Hams, and in raiſing himſelf up, rather puſhes him off of his 

own Knees than lifts him up upon a Table plac'd at N at. Arms ends, as 
Pl. ig F. 7. he pretends. f = e 15 


Ih breaking the Rope one thing is to be obſerv'd, which will much fac- - 


Pl. 20. F.3.litate the Performance; and that is to place the Iron Eye L, * thro 
which the Rope goes, in ſuch a Situation, that a Plane going thro? its Ring 
ſhall be parallel, or nearly parallel to the two Parts of the Rope; becauſe 


then the Rope will in a manner be jamm'd in it, and not ſlipping through 


it, the whole Force of the Man's Action will be exerted on that part of the 


Rope which is in the Eye, which will make it break more eaſily than it 


5 | more Parts of the Rope were acted upon. So that the Eye, tho made 


round and ſmooth, may be ſaid in ſome meaſure to cut the Rope. And it 


13 ; is After this manner that one may break a Whip-cord, nay, a ſmall 
EE Jack-line with one's Hand without hurting it; only by bringing one 
DAN rt of the Rope to cut the other; that is, placing it ſo round one's left 


Hand, that x a ſudden Jerk, the whole Force exerted ſhall a& upon one 
I 20. F. 11. Point of the Rope. See the 11th Figure of Plate 20 + where the Cord, 
to be broken at the Point L in the left Hand, is mark'd according to its 


(a) The frve Muſcles that bend the Legs are theſe, 1. The Longiſſimus, or Faſcialis, ariſing feen 
the inner Knob of the Os Ilium, 278 little TW the Knee — in a Tendon ; which is itt 
under the Knee, into the fore and inner Side of the Tibia. 2. The Gracilis ſpringing from the jo” 
ing of the Os Pubis, and inſerted by a firong Tendon a little lower than the former, in the imer Size 
of the Tibia. 3. The Seminervoſus ariſing from the Knob of the Iſchium, turning into @ fu 
Tendon under the Ham and iuſerted alſo into the inner Side of the Tibia towards the back-fide, 199% 
as far as its Middle. 4. The Semimembranoſus proceeding ers the ſame Kngb, an ending 94 
broader Tendon than the third, in the hinder part of the Tibia, 5. The fifth is call Biceps, 
ns Spain at the Iſchium, 42 at laff inſerted into abe ute Side of the ugger Appendix) 
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Annotat. three or four, if they had Room to ſtand; or, in theit Stead, a grey” 
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where 8 under another Part it is brought back under the Thumb a- 
L to O, and three times round the little Finger at P and Q; which laſt 
is only that the Loop NO may not give way. Before the Hands are 
jerk'd from one another, the left Hand muſt be ſhut, but the Thumb 
muſt be held looſe, left preſſing againſt the Fore-finger it ſhould hinder 
the Part TL of the Rope from carrying the Force fully to the Point L; 


but the little Finger and that next to it muſt be held hard, to keep the 4 


* NO firm in its Place. 


he making uſe of the Muſcles that extend the Legs for lifting great 


Weights is no uncommon Practice among ſome of our working Men, tho 
it is not obſery'd, becauſe it is done without an Apparatus. e ſee Hack- 


ney Coach-men often get out of their Boxes and with their Rumps eaſily ' 
lift 


up the Coach behind to make way for one another, or to avoid ſome 


three or four Trunks behind, they never think it worth while to deſire 
any Perſon to get out, or to take off any of the Weight. The Coal- 
Porters at the Cuſtom-houſe Key (commonly call'd Fellowſhip Porters) car- 
ry one hundred and three quarters Weight of Coals, running all the way, 


tho at every Turn they go up two Ladders, and often the length of St. 
Dunſtan's Hill, which is a Street pretty ſteep and ill pay'd, and perhaps 


| climb up a Stair-caſe or two before they ſhoot their Coals: and this moſt 
| of them will do above ſixty times a Day. But their manner of doing it, 
is to ſtoop ſo as to let the Sack bear chiefly on their Rumps, holding one 
Hand behind them to keep together the Mouth of the Sack, that they 


may with more Expedition ſhoot. out their Coals, whilſt their other Hand 
ſecures the Sack from ſlipping down from above; and this Poſture very much 


being then chiefly cee hmm.. 1 1 
Since J began to write this, I have been credibly inform'd that the Porters 
in Turkey carry ſeven or eight, nay ſometimes nine hundred Weight upon 


caſes the Action of the Muſcles of the Loyns, the Extenſors of the Legs 


| the lower end of their Back, or rather their Rump, only reſting on a Stick 
before them, whilſt they receive their Loads, to ſupport their Body and 


ſave the Muſcles of their Loyns ; but we may eaſily gueſs that other Per- 
ſons muſt be very careful in putting on and taking off the Burthen. 
I believe the Strength of the Tefudo made by the Roman Soldiers when 
they ſtood cloſe together with their Shields over their Heads, muſt be ow- 


ing to ſome ſuch ſort of Poſture of the Body: otherwiſe they could never 
have been able to bear the Weight of Chariots 4 5 over them, as 
1 


ſome Hiſtorians have inform'd us. In that Caſe every Man, except thoſe 


of the firſt Row, (4) cover'd the Man who ſtood before with his Shield 


at 


* 


\ 
[I 


pd. Sometimes the 


(a) Thoſe of the firft Row held their Shields inclin'd before them as they | 


firft Row kneeled, and the ſecond Row bore on the Shoulders of the firſt as they flop! d, and cover d 


them with their Shields, &c. 


| Courſe, by the Leters R TSLMN OPQ, folding once about the right Aunotat. 
Hand, then going under the Thumb into the middle of the left Hand, Lecł. IV 


en round the back of the Hand to N, ſo thro” the Loop at 


great Rub, or ſome Hole, or any other Inconvenieney; and this they 
do with ſo much eaſe, that if they have four Perſons in the Coach, and 
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Annotat. at the ſame time bearing upon his Rump that ſtood before him: and when 
Leet. IV. they ſtood againft any Shock, their Muſcles had no other Labour but to 
xv.» keep their Knees ſtiff; the bony Arch already deſcrib'd + being ſufficient 
I. 20. F. 6. to ſupport a much greater Weight. VV 
| 5 | IAI There are ſeveral Caſes, wherein it would be of ſingular uſe to apply the 
— Force of one or more Men, by means of the Girdle and Hook and Chain, 
1 in the manner abovementioned ; as for example, when the Reſiſtance is 
1 very great, but the Bodies that reſiſt are to be remov'd but a little way: if 
I Fs we lift very heavy Goods a ſmall Height to remove any thing from under 
them: if we would draw a Bolt or Staple, and find we can't do it even with 
an Iron Crow, the Hand pulling it upwards at the End, then the Hook of 
the Girdle being applied at the End of the Crow, the Force exerted by 
ſtretching the Legs would be tenfold of what the Hands were able to do, 
without more help at the ſame Place. ne 8 
There may alſo be many Occaſions on Board a Ship. I'll inſtance but 
plz 1. F. 1. one. Let FG * be the Tackle for raiſing or lowering the Main- top- 
part of which is repreſented by m1, m 2; the Block G is fix d beloy, 
and as the Block F comes down it pulls along with it the top Ropes F BC, 
m 1 running over the Block B (fix d at A) and round the Block C inthe 
Heel of the Top-maſt, ſo as to draw up the lower End m1 of the faid 
Main-top-maſt, which when hoiſted up to its due Height, is made faſt by 
the Iron Pin or Fidd I which is thruſt thro! it, and then its own Weight 
and the Hole D of the Cap will keep it in its Place. We'll ſuppoſe that 
the Force requir'd thus to raiſe the Maſt muſt be that of fix Men pulling 
upon Deck at the fall of the Tackle, that is, at the running Rope FGKat | 
EK on the other fide of the Main-maſt LI. Now in order to let down this 
Maſt on the ſudden, as in caſe of hard Weather it is neceſſary, the fame 
Tackle and Power muſt be made uſe of, tho* it be but to lift it a very 
little Way, that a Man may be able to get out the Fidd I before the faid 
Maſt can be let down and ſlip to N on the fide of the Main-maſt. I y, 
that if the Hands are ſo employ'd otherwiſe, that inſtead of fix Men there 
_ | be only one Man at the Rope K; if he has a ſtrong Girdle to which be 
N. 5 ſaſtens it (or makes a Bow in the Rope it ſelf to fix it round the lover 
| 11 8 | part of his Back, c.) he may exert much more Force in the Direction 
N K than the fix Men in the common way of pulling : and if he draus to 
8 him (fitting on the Ground and puſhing his Feet againſt the firſt firm Ob- 
ſtacle that he finds, as againſt OP) only two Inches of the Rope KG, 
he will raiſe up the Main-top-mafſt the third part of an Inch, which will 
be ſufficient for the Iron or Fidd I to be drawn out, \ 
Ni. B. If more Force ſhould be requir d for this Operation, as in large 
Ships, ſeveral Men at once might make uſe of Ropes about their Mid- 
Aue inflead of Girdles, and faſten them all to different parts of the Fall of 
the Tackle; and for. fix'd Points they might ſet their Feet againſt tht 
wooden Steps of a Stern Ladder taken down and lying on the Dick, 
Jiaſten d at one end to one of the Ring Bolts : for tho” in this caſe each Wi 
Nan could not apply ſo much Force as the fingle Man before 2 1 
e e n orwe Tree ns 


bee as 100 al 05 . 4 Ane on one fide of the Rope G K, their A 
Pal will be ſamething oblique; yet WU Mev in 225 5 wil ** 71 * 
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ben a Tranflation in my. Notes, 1 1 Fs , 


ß tn che Latin 3 Mrs" 
give part. of Mon. De la Hirt's Memoire given in to the Royal Academy of 


Sciences, in the Year 1699, entitled, Au Examination of the Force of Men . 


10 move Weights, whether by lifting, carrying, or drawing; conſider d as well _ 

abſolutely as when compar d with that of other Animals which carry and draw, as 

| Horſes, &c. In which all his Reaſoning is juſt, tho' ſome of his Data be- 
ing wrong, lead us alſo to a ug Concluſion; but I _ ſt all right by Fi 


my Obſervations upon it. 


I ſuppoſe firſt that a Man of a middle Stature 3 is retty firovs; „ | 


de weighs 140 # of our Weight. (0 I conſider firſt, that ſueh a Man as 
© I have ſappos'd, having both Knees on the Ground, can riſe bearing only 
“ on his Toes, ſtill keeping his Knees together; and as this Action is per- 
ce form'd by means of the Muſcles of the Legs and Thighs, it is evident 
te by the Se I made of his Weight, Tas the Maſeles of the ef 
te and Thighs have a ſufficient Force to raiſe 140 P. ( | 


„b But ll "Man bending a little in the Hams can raiſe himſelf u up. the ough _ 
ce loaded with a Weight of 150 , together with the Weight of his 9 „ 
4 dy, which he raiſes at the ſame time; ; (5) fo that the Force of the 


ce Muſcles of the Legs and Thighs can raiſe a Weight of 290 th, that is 
& 150 # the Burthen carried, and 140 t the Weight of the Body, when 6 
© the Riſe is but 2 or 3 Inches. 


Such a Man, as i. have ſuppos d, and ſhall all along ſuppoſe him, can 5 


ce alſo lift from the Ground a Weight of 100 h plac'd between his Legs, 
E taking hold of it with his Hands as with two Hooks, and raiſing him- 
“ ſelf up. () Whence it follows that the Muſcles of the Loyns alone 


te have Force enough to raiſe 10 #6, namely, the 100 b of the Weight, 1 


“e and 70 # half the Weight of the Man; becauſe he is to raiſe not only 


ee the 100 t Weight, but alſo the whole upper part of his Body above the . 1 


© middle, becauſe we have ſuppos d him to ſtoop to take up the Weight. 
As for the ſtrength of the Arms for Pas i or lifting a Weight, one 
« may ſuppoſe it of 160 #, which depends upon the Muſcles of the Shoul- 

„ ders and Arms. For if a Man with both Hands takes hold of ſome _ 
< fix'd Body plac'd over his Head, he may Fly enough, by the ſtrength _ 


4 of his Arms alone, draw. up his Body, and even 26.46 more, juſt as if i 1 175 


= 1 he was burthen'd with a Weight of 20 15. It is eaſy to make the Experi- 
| : ment; for if a Weight of 160 #þ be faſten d to a Rope and thrown o- 
wers a Pall alley, and a 19 n ; 1 5 My * na at * 5 egy end 
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Annotat. © of the Rope, it is plain that he will never be able to raiſe the 160 Jh 
Lea: IV.“ Weight; the utmoſt he can do being only to hang with all the Weight 


WY 


„ 20 t Weight he will raiſe the oppoſite Weight, the Muſeles of his 


c“ particular Part, becauſe each Part commonly ſerves to ſupport that which is 


Body be inclin'd, the Arms will not be able to ſuſtain that Weight, unleſ 


“the Body. Whence it happens, that in this Diſpoſition of the whole 
© Body, the Force is diſtributed by the Diſtribution of the Spirits into 


ee ly into their Muſcles, that they exert three or four times more Strength 


4 ſurprizing Strength that we ſee in ſome Men who carry and raiſe Weights 
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ce of his Body by the Rope; for the Weight at the other end being great- 
cc ex than the Weight of the Man, will keep him ſuſpended ; the Pulley 
te heing only à continued Balance with equal Arms: but if the Man has 
ce ſaſten d to him a Weight of 20 sb, then he will make an quilibriun 
cc with the Weight on the other Side; and if ever ſo little be added to the 


&© Shoulders and Arms being of ſufficient Force to ſuſtain the whole ag · 
i gregate Weight. = M 1B | 155 4 5 - , ' | 2331 | 1 Vang | 14h ns 1 4 
Ibo the Muſeles of each part of the Body can exert great Forces 
cc to raiſe Weights, the Force of a Man is not to be reckor'd as the Sum 
« of the different Forces of all his Muſcles taken together, even tho? the 
« Spirits which ſwell the Muſcles, and by ſhortening them draw the Len- 
cc dons at their Ends cou'd as eaſily be diſtributed to all the Parts as to any one 


t immediately next to it. As for Example; the Muſcles of the Arms and 
« Shoulders by their Contraction can lift a Weight of 160; but if the 


te the Muſcles of the Loyns are at the ſame time ſtrong enough to ſuſtain the 
tc upper part of the Body, together with the Weight which it is loaded 
ec with; and if the Hams were alſo bent, then the Muſcles of the Legs 


«© the Weight of 166 {5 and allo at the ſame time the whole Weight of 


« all the Parts; for which reaſon a Man will not be able to raiſe 160 fh 
& from the Ground. 1 eee, £1 We” 


a 


Not but there are Men, whoſe Spirits flow ſo abundantly and ſo ſwift 


“ than others do; and this ſeems to me to be the natural reaſon of the 
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* which two or three ordinary Men can hardly ſuſtain, tho' theſe Men be 
* ſometimes but of a moderate Stature, and rather appear weak than 
© ſtrong. There was a Man in this Country a little while ago, who wou'd 
« carry a very large Anvil, and of whom were reported ſeveral wonderful 
e Feats of Strength; but I ſaw another at Venice, who was but a Lad, 
« and did not ſeem able to carry above 40 or 50 ih with all poſſible Ad- 
« vantages: Yet this young Fellow ſtanding upon a Table, rais'd from the 
«& Farth and ſuſtain'd off of the 5 5 an Aſs, by means of a broad Gitt, 
& which going under the Creature's Belly, was hung on to two Hooks that 
© were falten d to a Plat of ſmall Cords, coming donn in Treſſes from the 
* Hair on each ſide the Eads Head, which ere in no great Quantity; 
de and all this great Force depended only upon the Muſcles of the Should- 
« ers and thoſe of the Loyns (4); for he ſtoop'd at firſt whilſt the Hooks 


« were: faſten'd to the Girt, and then rais'd himſelf and lifted up the A 
2 5 wb ny Wwe 2 Ale: Wh e NI r 3) W. 11 Fi $0871 6 4h «> from 
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with his Hands up 


* : z 
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% Roller to the Elbow of the Handle to be equal to the half Diameter 


In 


4% b 


N — 1 3 3 


m 2 Handle 


of the Roller, that the Force applied may be eſtimated without any 


ain'd. Bat ö if he is to depreſs the 


0 Fi 


Annotat. © Handle his Strength for that purpoſe cannot be more than equal to 140 * N 
Let. IV.“ which (as has been ſuppos d) is the Weight of his Body; for he can 


t Weight, and then the Effett might be fo much greater. 
_ © *© Secondly, If the Elbow of the Handle be plac'd vertically, and it be at 
«the ſame Height as a Man's Shoulders, it is certain that a Man can ex- 
wert no Force to cauſe it to turn, by puſhing or drawing with his Hands, 
NE. « if both Feet being ſet together the Body be upright as repreſented 
Pl. 20. F. 13.“ in * Fig. 13. by the Line AP, the Line AM repreſenting the Line of 
the Arms being horizontal, and making a right Angle with AP; be- 


« part of it, nor its Weight, can exert any Force for drawing or puſhing, 

which is known by Mechanicks ; for I look upon the Breadth taken up 

=. by the Feet but as a Point at P. But if the Handle be higher or lower 

«than the Level of the Shoulders, then the Line A M, which goes from 

© the Shoulders to the Hands, and the Line AP going from the Shoulders 

to the Feet, will make an obtuſe or an acute Angle, and then a Man 

© may exert ſome Force for drawing or puſhing the Handle; but that 

“ Force depends only upon the Weight of the Body, as may be eaſily per- 

te 'ceiv'd and demonſtrated z and that Weight or Force muſt be conſiderd 

ce as collected in one Point, which is the Center of Gravity of the Body, 

e and about the Height of the Navel: 1 fay, we muſt have regard only 

to the Weight of the Body, in order to determine the Æguilibrium; for 

& the Action of the Muſcles of the Legs and Thighs ſerves only to pre- 

5 f. —— EE — ß. ĩ os 

Pl. 21. F. 1. Let the 

« Shoulders A, and the Center of Gravity of the Body be at C, the Body 

„ being very much inclin'd towards the Handle; but the End of the Feet 

© muſt be at P. Firſt, We muſt conſider that Point P as the Fulcrum or 

© Center of Motion of a Leaver or ftrait Rod PC H, which going thro” 

C the Center of Gravity of 

“ Arms MA at the Point H. Secondly, We muſt conſider the Point C of 

© the Leaver loaded with the whole Weight of the Body equal to 140 ſh, 

«which Weight endeavours to deſcend perpendicularly according to its na- 

“e tural Direction, the end H of the Leaver being ſuſtain'd in the horizon- 

tal Direction MAH; whence it will be eaſy to determine by mechani- 

4 cal Principles, what Effect the Weight of the Body at C, acting in its 

4 natural Direction, can have on the Handle according to the horizontal 
JJ 7H HH 07 T 070 HOT Bk, . 


te PC contains 80. Now ſince the Weight of the whole Body acting at 
C is but 140 lb, When apply d at H it will act but with the Force of 80 
* 15; juſt as if a Weight of 80 t was to be ſuſpended at that Point and 
t aft in its natural Direction, which, according. to what we have ſuppos d, 
c muſt be perpendicular to M A. If therefore from the Center of Mo- 
tion P the Sine PF be drawn perpendicular to MA F, the Weight 
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, lay on no more Weight than that, except he was loaded with fome 


E cauſe in that Poſition, neither the Force of the whole Body, nor of any 


andle in Fig. 1. * be plac'd at D the fame height as the 


of the whole Body meets the Line of the 


For, fitſt, let us ſuppoſe P H to be divided'into 240 Parts, of which 
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« of 80% at U acting in its natural Direction: will be to the Action of Annotat. 


the ſame Weight upon the Handle according to the horizontal Directi- Lett. Iv. 

« MAH :; in the Ratio of PF: to HF. And this does very much /0 

ce diminiſh the Action of the 80 Þ in a moderate Inclination of the Body 

« ACB. And if we ſuppoſe for Example, that the Line PCH makes an 

« Angle PHF of 70 Degrees with the Line MAF, the Line of the Bo- 

« dy ACB will then be inclin'd to the Horizon in an Angle of more than 

« 5o Degrees, which is the greateſt Inclination of Body with which a 

«& Man can walk; then F e 

4 The Sine of 70 Degrees, which is PF: 8 

„ Will be to the Sine of its Complement, which is HF ::: 

„ T0 x5 mane | . LE ok Fi 

« And conſequently the A8ion of the 80 ih; ſuppos'd to act at H accord» 

< ing to the natural Direction, will be to the Action exerted in the hori- 

6 zontal Direction, but as 80 to its third, which is ſomething leſs than 


— 


ce 2 : T7 | | | | A ; 8 

Robe who have not made the Experiment of puſhing horizontally with 
ce the Arms, or drawing a Rope horizontally as a Man walks with the Bo- 
«dy inclin'd forward, whether the Rope be faſten'd towards the Should- 
* ers or towards the middle of the Body (for the Effect will not differ pro- 
ce vided the Inclination of the Body is the fame; becauſe the Sine of In- 
4 clination and its Compliment are always in the ſame Ratio) can hardly 
© be perſuaded that the whole Force of a Man is reducd to ſo little in 
« pulling horizontally as not to exceed 27 f. 
Not but that a Man may lean or incline his Body fo as to ſuſtain 'a- 
% much greater Weight than 27 fp; for if the Line PH ſhould make an: 
Angle of 45 Degrees with HF, it is certain that the Weight of the 
« Body would ſuſtain 70 {ſþ, but as he muſt then have his Body in the 
_ © Poſition of the Line A B much more inclin'd to the Horizon than 45 
e Degrees, he would be ſo far from being able to walk, that he would not 
&« be able 10 Rand ĩðV?ẽ?ao OY ET pes ein 40 

cc The ſame Demonſtration may alſb ſerve to ſhew that a Man has much 
© more Force to draw if he goes backwards than in going forwards. For T 
© in ſuch a Situation of the Body, the Line P CH, * Hg. 2. which goes +, pl. 21. F.2. 
from the Feet at P thro” the Center of Gravity C, and on which the | 
_ © Encreaſe of Force depends, will always be much more inclinꝰd to the Ho- : 
*'rizon than the Line of the Body AC B, quite contrary to what it was 5 
„in the former Poſition. But then this way of drawing cannot be pot in 
practice, except for pulling a Rope, when a Man continues in the ſame 
Place; otherwiſe we ſhould naturally come into that Poſture; for Nature 
and Experience have taught us to take all poſſible Ad vantages in common 
99; OMEN. 936% 7% ATR 296 04%” 1h 330th IGG 
„„For the fame Reaſon Watermen and thoſe that row at Sea always pull 
ce their Oars backward; for that way they can exert more Force than in 
puſning forwards like the Gondoliers at Venice, who work in that 2 : 
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Lect. IV.“ ry to them n exerting a great Force, by reaſon ot the many ſhox 
1 A 4 c 9 — they muſt make 7 the Canals, and the 4 
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make my Obſervations upon it. 


(a) The Muſcles of the Legs and Thighs are much fironger than M. De la 
Hire ſuppo/es, as appears by what bas been ſaid concerning the Feats of 
Strength; and the Action of riſing backwards from ones Knees is very ſhirt 
of the utmoſt that a Man can do in that Poſture; for a Man may carry ſome 
confiuderable Weight and yet riſe from his Knees, tho" the Arc deſcribd by the 
Center of Gravity be then an Arc of à good many Degrees. 
(b) I is uſual in London for Men to raiſe themſelues up with, and carry 
250 Ib, which is almoſt as much more as M. De la Hire has ſupposd; tiber- 
ore all the Conſequences drawn from this Suppoſition muſs fall ſhort. 
(c) Working Men generally lift 1 50 th with their Hands, and ſome 200 %; 
but here the Exceſs of the Force of the Muſcles of the Loyns is not ſo much 
greater than M. De la Hire's Suppoſition, as the Exceſs of the Force of the 
Muſcles of the Legs. Fogel vt orgs: 41 


((d) bat he attributes here to the Muſcles of the Loyns was really per- 
Form d by the Extenſors of the Legs; for the young Man's ſtooping with his 
Hands upon his Knees was not with his Body. forwards and bis Knees fliff, but 

his Body upright and his Knees bent, ſo as to bring the two Cords with which he 

liſted to be in the ſame Plane with his Ankles and the Heads of his Thigh- 
Bones; by which means the Line of Direction of the Man and the whole 

Height came between the ſtrongeſt part of his tuo Feet, which are the Sup- 

ports: then as he extended his Legs he rais d himſelf without changivg the 

Line of Direction. That this muſt have been the manner I am pretty well aſ- 
fur d of, by not only obſerving thoſe that perform ſuch Feats, but having often 
td it myſelf. As for the Muſcles of the Loyns, they are incapable of that 
Strain, being above ſix times weaker than the Extenſors of the Legs, at leaf 

About the Tear 1716, having the Honour of ſbewing.a great many Experi 

ments to his late Majeſty King GEORGE the Firſt, his Majeſty was de. 
|  .rous to know whether there was any Fallacy in thoſe Feats of Strength that bad 
= een ſhewn half a Year before by a Man, who ſeem'd by his Make to be 10 
= . - ſeronger than other Men: upon this 1 had a Frame f Wood made to ftand 
| * pl. 20. F. 2. in (/uch as is repreſented by the ad * Fig. F Plate 20.) and with a Girdle and 

Chain lifted an Iron Cylinder made uſe of to roll the Garden, ſuſtaining it caſi) 

1 when once it was up. Some Noblemen and Gentlemen who were preſent, it) 
2 | 5 the Experiment afterwards, and lifted the Roller; ſome with more Eaſe, and 
' ſome with more Difficulty than I had done. This Roller weigh'd 1 goo ths © 
BD | the Gardener told us. Afterwards I ind 10 lift zoo th with my Haus AW 
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* pi bi iro *% of Onickfitver in each) which 1 did indeed raiſe from Annotat. 


» Ground, but ſtraind my Back jo as to feel it three or four Days; which Leck. IV. 
1 that, it A ſame Perſon, the Muſcles of the Loyns (which exerted their 


. 


Force in this laft Experiment) are more than fix times weaker than the Ex- 
tenſors of the Legs; for I felt no Inconveniency from 1 the Iron Roller. 
e) The Reaſon why the Aſs kicking and moving made bis Weight more in- 
convenient than an heavier Burthen, was, that by ſuch a Motion the Line 
of Direction vacillated, aud as it went forwards and backwards, the Muſcles. 


of the Loyns were forc'd to aft to bring it into its Place again. © 

2 ) That M. he la Hire has taken the Strength of the Muſcles that ex- 
tend the Leg and firetch the Foot, too little, appears from the Practice of all 
thoſe that carry Grain in Sacks and Meal, who eafily go up Stairs with 200, 
and often above 2 50 5 Weigbt; and the Men who carry Coals from Carts in- 
to Houſe:, go up Stairs with 250 Weight. They can t indeed go down Stairs 
with /o great a Weight as they.can goup. © 
(80 All that follows in this Diſſertation concerning a Man's puſhing or draw- 


ing may be depended upon; becauſe it is mathematically dedui'd from the- 
Weight ſuppos'd, and cannot but be true in a Man weighing 140% © 


9. [Page 245. —- there muſt be a ſufficient Velocity given, &c.] If there 
ſhould be no greater Velocity given to the Hand which is to turn the Winch, 
than J have ſuppos'd, there could not be Motion enough communicated from 
the advantageous to the diſadvantageous part of the Revolution, as would. 
enable a Man to raiſe 30 h with the ſame Velocity as the Hand mov'd:: 
therefore we muſt ſo contrive Matters as to encreaſe the Velocity of the 
Hand moving, at leaſt one ſixth part; but then we muſt lay only 25 th upon 
the Hand moving ſo much the ſwifter, which yet will perform as much Work 
in a Day as if the other way had been practicable. Nay, in a great many- 
Caſes it will not be amiſs to give the Hand one third more Velocity, and load 
it but with 20 ft, eſpecially if a Fly be made uſe of; and the bigger the. 
Circle is which the Fly deſcribes, the better will the Force be diſtributed... 
This Work thus 1 1 may be continued ten Hours a Day, and very 


little fatigue the Labourer. 


10. [Page 246. — Daily Labour ef the London Porters, &c.] At the 


Cuſtom-bouſe Key, and at ſeyeral Wharfs one may obſerve what great Loads 


are carry'd by Porters employ'd to carry Goods to and from the Veſſels on 
the Water: Such indeed are the Loads which ſome carry, that an Horſe - 


would ſoon be kill'd by carrying the ſame Weight. They that work for the: 
Cheeſemongers at To much per Ton, generally carry. 300 Weight of Cheeſe a:: 


every Turn, and work all Day long. © 


11. [Page 247. -— the Horſes ftrong, &c. ] If too great a Load be lad 
upon an Horle's Back, there is danger of breaking it; which is the Reaſoon 
that People do not generally lay on very great Loads. The Feli mongers 
and Sinners, are ſaid to load their Horſes more than any other People * : 
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Annotat. they lay ſeveral Skins and Hides over the Horſes Shoulders and Hips, that 
Let. VI. the Back may not be too much ſtrain d: I am inform'd that they put on 
WY WV ſometimes 4 or 500, Weight; but then the Horſes go extremely flow, 
| The moſt 1 be done with an Horſe is to make him draw: and thoſe 
HFHorſes that do moſt Work are ſuch as draw great Loads in Carts on ye. 

ry. high Wheels (the Horſes themſelves. being very tall) up St. Dunfar's 

Hill in the Eaf, where a Carter does ſometimes lay on 2000 ib Weight, 

and makes one Horſe draw it up the Hill; but at every difficult Place, the 

Man ſets his Shoulder to the Cart in ſuch a manner, as conſiderably to help 

the Horſe, who would be unable to draw up the Load without that Help: 

and fo ſenſible is the Horſe of it, that he does not exert his whole Strength, 
r /// ͤ b 5. 


I promis'd in the 15th Note to Lect. III. to give an Account of Mr, A. 

len's Carriages at Bath, and having juſt receiv d the Account from a Friend 
well skill'd in Mechanicks and drawing, who took the Meaſures and Draughts 
upon the Place, think proper to communicate it here, as having conſider'd 
the Nature of Carriages in this Lecture. | 


8 
We 
2 


4A DESCRIPTION of the Carriages made uſe of by Ralph Allen, E; to 
carry Stone from his Quarries, ſituated on the top of a Hill, to the Ma- 
ker. ſide of the River Avon, near the City of Bath. By CHARLES de 
__ Theſe Quarries are at the Diſtance of a Mile and an half from the River, 
and about 500 Feet above the Level of its Surface, which makes a Slope ſo 
ſtcep, that the ſmall Price the Stone is fold at, would hardly defray the 
Charges of bringing it down without ſome proper Contrivance, ſuch as the 
following, which is a great Improvement on ſome Carriages and Waggon ay. 


* 1 


* 


made ule of at the Coal Mines near Net- Caſtle. 


1 Pl. 21. F. 4. 1. 75. Plate 21. * repreſents this Carriage in Perſpettive, as ſeen 
ä iflance of 12 Feet from the left of the fore Wheels,” the Height 
of the Eye being about 6 Feet. The Geomerrical Plan was laid down from 

a Scale of 20 to an Inch; that is, every 2oth of an Inch, anſwers to one 
7 n ¼ ̃ ̃ ß ] — — 

Pl. 21. F. 35. 2. Fig. 5. * repreſents the Elevation of one of the Sides of this 
Carriage, when both the Fore-wheel and Hind-wheel of that Side are lock'd, 
77 TY OZ 2 © ꝛ A m FR 
+PL21,F.6. 3d. Fig, the 6th. + repreſents the Elevation of the hind part of the 
WY, Carriages, with all the Tron-work employ'd in the locking of the Wheels, 
and it ſhews alſo the Profil of the Wheels, and Axel-tree, together with 

the Sections of the Side-planks and of the Frame on which it moves, from 
MEE. TE TS 

4. From the Conſideration of theſe three Figures, it will appear, that 


this Carriage conſiſts of a ſtrong Floor of (Oaken) Planks, three * 


— 
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half Feet wide, and about 13 Feet long, ſtrengthen'd above by ſeveral Annotat. 
Ribs to defend it from the Stones that lye upon it, and fix'd upon four Left. IV. 
Beams of the ſame: Wood, about four Inches ſquare and 14 Feet long.. 
5. At ſix Inches from the Ends are fix d the fore · ſide and back- de 
ſtrongly ſaſten d to the Beams, and to the Floor, by ſeveral Screws and Nuts 
- 6. To theſe two Ends, when Occaſion requires, may be faften'd tro and 6. 
Sides made of Planks 13 Feet long, which fit into the Side of the outward 
Beams by means of Hooks and Rings, and are kept up by means of Larches | 
to be ſeen in Fig. 4, 57 6. 4+ Theſe Sides are alſo further ſtrengthen? d by 'a+Pl. 2 1. F. 4 5 
Chain going acroſs in the middle of the Carriage, © © © J., and. 
7. At right Angles under theſe Beams, at a proper Diſtance (ſee Fig. 
5. are faſten'd two ſtrong Timbers, by means of large Screws and Nuts. 
8. In theſe Timbers well ſtrengthen'd and plated with Iron, where the 
greateſt Streſs lies, are placed two ſemicylindrical Pieces of Braſs at each End, 
to ſerve as a Collar for the Axel-trees of the Wheels, which being well 
greaſed, tüm with-verylictle: Fs oo on 
9. There is likewiſe under theſe four Beams (already mention d) another 
piece of Timber of about 6 Inches by 4 well faſten'd to it, at right Angles, 
and at ſuch a Diſtance, as is ſeen in Fig. . 
This Piece ſerves as a fix d Point to place a Leaver, which locks (or 
keeps from turning) the Hind- wheel, by preſſing upon it. 1 
10. The Axel- tree is about three Inches Diameter. See I Plate 22. Fig. Pl. 22. F. 17 
1. One of its Ends is ſquare, the other round, and on theſe two Ends, tlie 
Wheels are plac'd in an alternate Poſition; that is, the right-handed Fore :: 
wheel is on a Square, and the left on a round part of the Axel- tree, whilſftt 
the right - handed Hind- wheel is on a round End, and the left on a ſquare 
End of the Axel - tree; thereby any one of the Wheels may be lock d ſepa- 
rately; for when the Wheel placed on the round End is lock d, the other, 
together with the Axel - tree, revolts within it, and when the Wheel which 
is faſten d on the ſquare is lock d; the other revolves notwithſtanding as 
uſual upon the Axel- tree, which is then unmoyeable. 
11. Theſe Wheels are made of caſt Iron about 20 Inches Diameter, and 
have a Flanch 6 Inches broad next to the Carriage which hinders them from 
running off from the Oaken Frame on which they move. Their Plan and . 
Profil are ſeen in Fig. f 5. of Plate 21, and Fig. 1. of Plate 22. and their 4 pl. 21. F. 4 
Sections either thro their Spokes (or Radii) or between any two of them, as & Pl. 22 E. i. 
RR ² ˙ ]] ͤu!N·˙r̃ ⅛mRL e. F. 2 
12th, The manner of locking and unlocking the of the Wheels is as fol- nd 4. 
lows : When either of the Hind-wheels is to be lock'd,. a ſtrong Leaver 
(which they call the Jigg Pole) is placed on that End of the Timber (de- 
ſeribed in Paragraph 9.) next to the Wheel to be lock'd, and after it is 
paſſed thro the Iron Loop to ſecure it the better, a Chain coming from 
the Roller to be ſeen in Hg. 5 and Fig. 1 of Plate 22. is clapt over. the + Pl. 21. F. 
Enxtremity, and by means of a ſhort iron Bar, and the Rochet and Click, & P. 22. F. i. 
ſeen in Fig. 5 and 6 Plate 22, * one of the Drivers or Perſons that attend * pl. 22. F. 5, 
the Carriage in a very little time on the Wheel either partly or my and 6. 
3 n | 0 7 
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Annotat. Te unlock which, tis only lifting up the End of the Click or Catch made 
Lect. IV long on purpoſe, for then the Leaver preſſing no longer, the Chain is flac. 
len d, taken off, and the Jigg Pole laid in the Cart, till another Occagon 
ſerves. They have two Jigs Poles, one for each Hind- Wheel. 

13. The Fore- wheels are lock'd, by means of a thick ſquare iron Bolt. 
1 Pl. 21. F. 3. ſeen in Fig. 5 of Plate 21. + coming out in the Direction of the Axel tree, 
between the Spokes or Radu of the Fore- wheels: theſe Bolts, are pro- 
truded forwards to lock the Wheels, and drawn back to unlock them 
ſeparately, by means of a Contrivance, part of which is ſeen in Fig, f. 
ob 21. F. 3 of Pl. 21. and iſt of PI. 22. + Towards the middle of the back- ſide are 
| 1 E. 1. two iron Rods, (ſee one in Fig. 6. Pl. 32. 0 turning ſeparately on the ſquare 
FI 22. F. C of an Axel. When either of theſe is brought by the Hand from a verti- 
cal Poſition, in which they are drawn, to an horizontal one, the iron Rod, 

| of which it takes hold by its lower End, is puſhed forward four or five 

IPI 23. F. 1, Inches, and by means of the Contrivance in T Fig. 1, 2, 3, 4, of Pl. 23. 
2, 3, I ſhoots the ſquare Bolt between the Spokes or Radi. 
When the Wheel muſt be unlock'd, this Bolt is drawn back into its for- 


mer Poſition, by bringing the iron Rod into its former vertical Situation, as 
1 Pl. 22. F. 1. in Fig. 1. of Pl. 22. T As theſe Carriages are loaded with a conſiderable 
| (often with upwards of four Tons) Weight of Stone, when they come 
. down the Hill, all the Contrivances explain'd above would be uſeleſs, and 
: that great Weight would fink the Carriage too deep into tlie Ground, wich- 
but pieces of Oak laid all along the Way which theſe: Carriages then paſs o- 
* Pl. 2 1. F. 4, ver. Theſe are ſufficiently ſeen in Fig. 4, 5, of Pl. z. * and Fig. 1. of Pl. 22. 
J. and Pl. 22. Altho' theſe Carriages are very heavy even when empty, yet by means 
F. 1. of the Frame on which they move and the little Friction the Axel-trees 

fiel revolving in the braſs Collars, two Horſes not only draw up them the Hill 
very eaſily when empty, but draw them along on the Plain when loaded, at 
a very good Rate. As ſoon as the Carriages come to the Brow of the Hill, 
the Horſes are taken off, and one or more of the Wheels lock'd, by the 
Driver, who ſtands behind to moderate the Motion as he thinks proper. 
When the Carriages are come to the Water- ſide, and have been unload - 
ed, they change the Horſes from End to End, ſo that the part of the Car- 
riage which went before deſcending, becomes the hind- part in aſcending 

the Hill, which avoids the Trouble of turning with theſe Wheels. 
ITheſe Carriages are loaded at the Quarries, and unloaded at the Water- 
| fide, by means of a very good and curiouſly contriv'd Crane, fully deſcrib d 
E Aare J. Z. Deſaguliers, in his Courſe of Experimental Philoſophy, Left. III. 
Ni. B. Mr. Allen, to whom I am oblig'd- for à full and thorough Sur 

vey of theſe Carriages, told me, that one of them, when compleatly 5. 

wiſhed, and ready to he uſed, flands bim in upwards of 30 Pounds: 
 avbich 1 thought proper to mention as 4 very reaſonable Price confider- 
| ing the good and workmanlike manner in which every thing it fff 
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ed Letters to his * 1 the n e eferences. 


the Sides, which are put on upon occaſion in the Place BDHF 4 faſten- 
ed by means of the Hooks gg 


the infide that the other part may bear on the Timbers or Waggon-way. 


End of the Axis that goes chro the Piece of Timber To fon another 


having there. its Center of Motion, with the Compaſs : piece 77 to-pret: 


q 1 * 
"2 * * 
ff A 5 4 
* S.. * 


'Tho' Mr. Labelye's: Deſcription is very intelligible and his Draughts Annotat: 
extreamly well done, yet, to make every thing ſtill plainer, I have add- Lett. IV. 


Aae e _ Nen os igure of Me. Allen's 1 n an 4 . heir 
ſeveral . 


IE Plate 21. Ngure 4. | 
© ARCDIITIHFEG. The Body and we of the Carriage, ibo 


and the Latches .. 
IIII. The croſs Pieces on the Bottom to ſtrengthen i it. 
MN. Strong Pieces of Timber under the Bottom. 
K. A eroſs Piece under the Bottom having an Iron Loop at Tap to re- 

ceive the End of a Leaver that preſſes on the hind Wheel La, to ſtop it 


from turning round when the Motion is too rapid. 
. * 2. Three of the four Wheels, the fourth being out of fight 


in this poſition of the Carrriage, whoſe Circumferences have a Flanch on 


H. An Iron Roller for the Chain to wind on to hold down the ſtopping 
Leaver, as it preſſes on the hind Wheel. | 

O, 045 Ot, Oc. The Waggon-way, or parallel Timbers aid vich! a 
Deſcent 1 2ake En 2 5 their own W OMe 10 8. 


FDB. The Ache Side of one zh! the « Carria o fax b means of the 
Hooks at g ggg, and the Latches e, F ſhewn in the 5 Ber- Wot: 
L. A Fore- wheeel with a round Hole in the Nave. to receive a "round | 


of which the Bolt p is ſhot between the Spakes to ſtop the Wheel from tn. 
ing round, when the Motion is to be retarded; 
H p. An Iron Rod puſh d forwards en behind to bolt or lock che | 
Fore-wheel abovemention d. | 
L 2. A Hind-Wheel fix d upon, and turning round, With. the Axis coming 5 


thro” the Piece of Timber Q, the end of which Axis is made ſquare for 
that Purpoſe. 


R K. A Leaver, whoſe End goes thro an Iron Eye on the Timber Bo * 


the upper part af che Wheel I. 5, 40 flop it 1 n-08caſion, from et 


with the Axis. , 


H. A Roller on which is wound the Chain R which pulls „ 7 che 
End of the Leaver at R and Keeps it in its place, to ook hard upon the 


Wheel at 47 . | 
ts 1 fron; art of the Cir- 


G2, O1. The Wage 


| apgon-way mich. ſoppo 
cumference of the Wa while the Flanch or larger -Arcumference of 
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An each Wheel falls on the infide of tho Timber, that the Nn 
— * not jump or run out of the Way. 


ward each an horizontal Bar (not repreſented here, but ſhewn in the laſt 


Once. 


Wheel has a round Hole to receive the End of the Axel at P which is 


whilſt the Flanches mm, mm, come down to keep the Carriage 1 in its 


els d the Carriages paſs, which are fix d up under the * Carriages by Pins 


the * Pin at each . 


4 Courſe of Experimental Philoſophy. by. 


may 


Plate 22. i I. 

L wh Figure drawn by a larger Scale (viz. of 10 Inches to an Inch) 
ſhews the Elevation of the hind-part of one of the Carriages, with the 
Profil of the Wheels, Sc. 

FHGE. The End of the Carria ge behind bearing upon four Timbers, 
whoſe Ends are ſeen here. 

Ig, eg. The Ends of the Sides hook'd on at g. g and latch d at f and :, 

H hr i, and G bri. A Roller with its Winch, and Ratchet and Latch, 
to receive the Chain that draws down the Leaver or Jig-pole. The Chain 
goes on the Part H, or G, the Holes to turn the Axis of the Roller with an 
Iron Hand- ſpike are ſeen at =, the Ratchet at i i, and its Catch at r, 7. 

1k, 1k. Two perpendicular Iron Bars, whoſe lower Ends & & ſhot for- 


deſcrib d Figure at Hp) to bolt either of the Fore-wheels fingly, or both at 


L 2, L. 4. The Sections of the two ia ee with their Flanches 
n m, mm, and bearing Parts » 1 n, un; the left Wheel receives the ſquare 
End' of the Axis Qin a ſquare Hole ſo as to turn with it, and the right 


round alſo; ſo that this Wheel can turn round without the Axel 
PS Q along with it. 

O 3, O 4. Shews the Section of the Timbers or Waggon- way ; Where 
may be ſeen the manner of the Wheels bearing on the Timbers at un, un, 


Place. $2 
An Pr The croſs Timbers thro? the Bottoms of which: the Tron Ax 


and Nuts here Om ented als. xt; Lines. 


| Reproſencs one of the Iron PE un S, hoſe FP 104 the ebe! Hand 
is ſquare, the other end at the leſt Hand bring round, with an n Hole for 


Fig igure 3. 

7 ths! Sedion of the Hind-wheel on the left Side, or the | Fore 
wheel on the right Side, with a ſquare Hole Qt the Rim of Girouniferene 
of che (bg LL and the 1 n m. 


5 * 242 - 1 : Z ? 
: So Yo , N * 3" * Z# 

$3 7/6 HEELS 4 TT 4 

J 4 %ͤũ a8 4 « 


| n 1? ply gure | . 
Shews the « right V Wheel | behind or 2 Wheel 1 mark's wich A 
Tame Letters except P, which ſhews the Woe Hole to receive Nr round 


end of the * 
25 of; | | 1 8 Fir 
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\ Figure Fe” 


4 „ ting 4 0 Bret He 10 

one e of the r icular ods of this Gxth Figure, whoſe Handle 
is pate the they = End is to join to one of the horizontal n 
which ſhoots a Bolt in between t the ane of one he the F rene 5 


1 5 * 4 


| Shems the Catch 5 00 the Ratchet OL LION, Cty For , g Left. Iv. 


£3 "11 Bt 1 Plate 23 ; Figure . age Pl. 23. Fur. 


- This is 1 che apper part of the Timber ns * Carriag e 
Be the F ore- Wheels, thro” the lower part of whoſe: Ends the wr 
tree paſſes, and in the Subſtance of which is 5 ler f in the Machinery for ſtop- 

ping the Fore-wheels, where the two Bolts A B and C D are ſeen, which 
may. be ſeparately ſhot out to the right or left Hand thro! a ſquare Staple : 
or Q, and refting on of the croſs Pins e EF or GH, 2b, by means 
of the horizontal Bars IK already deſcrib'd, one of which is to be ſeen in 
the 5th Figure of Plate 21, mark d H p, and the Ends of both of them 
are ſeen in this Figure. The Bolt A B on one Side is repreſented: as ſhot 
out between the Spokes of the Wheel, and the other is in its uſual Place, 
where it does not Sack the Wheel. N. B. Pulling back the Bar LI be, 
B A, by means of the Elbow' LN B, and om 23 1. _ Bar 47 7 
bolts ob, » means 25 op Elves MN * I TEN; 


The 15 1 Figure as. an \ End of the Timber or ble Seftion of the Ma- 


e 47 f * : 


Figure , 11 23 F. =: 


n 


chinery to move the Bolts as cut acroſs one of the Bolts and at right Angles % 


to the 8 at A, where is ſeen the Hole P over the Axis, and the prick d 
Lines E F ſheus the Pin or Shaft of te EINE on which the Bolt flides 
„ — Ki 0) 19299 0199. F 8119-1 


8 : 

2 - * 1.17 
. * „ „ £ $ # 
* 


. kl. . F ; 3» 


The third Figure repreſents the - EO Elbow-Piece, ſich as 'B L N 
or N M of the laſt Figure, where is ſeen the Center of Motion round 
the Pin N, the End L 3 8 the protruding End of the horizontal Bar, 
and the End B receives the End of the Bolt to throw it e as at vhs 
Fig. 2 or draw it back as at KG in the lame hes 1 Gen rot Wy” 


Fd 


1 Fi . 
The fourth 8 Owe the +6. 0988 Tre the End of ah Tins 
ber at! 111 with the Vs ſores Lauro the Bok wy er P., ; 


* 1 2 {3s 4 . 4 #4 3 


Before I 1 my next N i May As: be improper to give an — 


of a Man of very great natural Strength who lives now here in London, and 
Hes ſeveral ſurprizing Effects of his Strength. I ſhould indeed have given an 
Account of him in the 1th Annotation; but I was unwilling to do it upon common 


_ Report, till I bad ſeen hi w _ Shi 4 as 
tried of. ſeen him my ſal, wok" P er- e er fp vet 


1 
"es by L's 8 


* F. 4. 


| Thomas = 


n Thomas 7 W born in "PROVE Wk now Oh 31 Years of hs fire 
Fas IV. Foot ten Inches high, with Muſcles very hard und prominent, as brought 
a Carpenter, which Trade he practiſed till within theſe fix or fever 
ears that he has ſhew'd Feats of Strength; bu“ he is intirely ignorant of 
ay Art to make his Strength! appear more ſutpriaing: Nay, ſometimes he 
does Things which become morg difficult by his diſad vantageous Situation; 
attempting, and often doing, what he hears other ſtrong: Men have dave 
without making uſe of the ſame Advantages. 
About ſix Years ago he pull'd,againf.an Horſe, ſitting upon the Ground 
with his Feet. againſt two! Stumps driven ãnto the Ground, but without the 
1 Advantages repreſented by the firſt Figane, Hlate ig; for che Horſe 
TW! | ing againſt him drew upwards at a confiderable! A ngle; ſuch is repreſented 
WH „ in the 2d Figure of that Plate, when h N is the Line of Traction, which 
IWF} makes the Angle of the Traction to be Nh: and in this Caſe his 
4 | 12. was no farther empleyd than to keep his Legs and Thighs 
ſtrait, ſo as to make them at. like the long Arm of a bended Leaver, re- 
* Pl. 19. F. 2. preſented by Lib , on-whaſe End h the Trunk of his Bedy reſted: as a 
Weight, againſt which the Horſe dew, applying his Power at right Angles 
to the End / of the ſhort Arm of the faid Leaver, the Center of Motion 
being at L at the Bottom of the Stumps 4, o (for to draw obliquely by a 
| Rope ſaſten d at h is the ſame as to draw. by an Arm of a Leaver at IL, 
f becauſe / * is a Line drawn perpenditularly from the Center of Motion 
+ Ann. 5. to to the Line of Direction f h N) and the Horſe not being ſtrong enough to 
Lett, W ul Piraiſe the Man's Weight with ſuch diſadvantage, he thought he was in the 
Ow right Poſture for drawing againſt an Horſe ; but when in the ſame Poſture 
hee attempted to draw againſt two Horſes, he was pulPd-out of his Place A 
being lifted up, and had one of his Knees ſtruck-againſt the Stumps, which | 
fhatter'd it ſo, that even to this Day, the Patelld*or-Knee-yan is 1o-looſe, | 
that the Ligaments of it ſeem either to be broken:or 4uite Telax'd, which 
has taken away moſt of the Strength of that Leg. . 
Hut if he had fat upon ſuch a Frame as is repreſented in the firſt Fi- 
re * and deſcrib'd in Page 256,:258 and 259, he might (conſidering his 
th) habe kept his Situation n the pulling of four Grog Horſes 
7 michour the Cs.” rn bk 903.0 £17 907 
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I. By the Strength of his Fingers (only rubb'd in Coal- aſhes to keep 
them . ſlipping) he roll d up a very ſtrong and large Pemter-diſu. 
2. Tie broke ſeven or eight mort a pieves of Tohaccb- pipe with 
be Force of his n Fi inger, having laid chem on the firſt and third 
. thruſt 3 in * his Garter theBonl of, A rong Tobacco-pipe, 
His: being bent, he broke it to pieces ty Fe) Tendans of his Hau 
bi nf eel the bending of his- Leg. Aten Kin 
. Me broke ſuch another Bowl hetwween his fitſi ma cond Figs 2 
preſſing his Fingers together ſide· ways. W 


1 Aer. 1 


2 
now 


| 


5 9 5 


__ 
3 2 


5. He e A T6 6x Foot tha! n had: kale a andres Wei * Anne. 
burging at the End of it, with his Teeth, and held ir in an horizontal Po-T oft. TY 
ſition for a confiderable time. If is t the Feet of the Table reſtel e V3. 
bis Knees; but as the Ly. of the Table was much greater than its Height,  _ 
that ery requir u 4 gre eat Strength to br exerted by the Muſtles of Ft | 

4 


Logns, 5, thoſe of F bis" Neck, Maſſeter and Temporal (Muelss of 56 4-74 9] i 


74 4 ſet Teeth. : 
ae gol K 45 Kitchin- poker, about a Yard long, and three Tacks | 
t Hand he ſtruck u upon, his bare 


Circumference, and holding it in his ri 
It Arm, dee che en and the Y rift 2 he bent the dota nearly 


to a right Angle. 2 ens Op. (2 
9 g bee eder kee ant holding che Ends 6f i in bis Hanth, - 
the Middle againſt the Back of his Neck, he brought both Ends of it 
together before him; and, what was yet more difficult, he pull'd it almoſt 
freight again; becauſe the Muſcles which ſeparate the Arms horizonta ally ö 
ſrom each other are not ſo ſtrong as thoſe that bring them together. 
9. He broke a Rope of about two Inches in Circumference which was 
in part wound about'a Cylinder of four Inches Plameter, having faſten 
the other End of it to Straps that went over his Shoulders; but he exerted 
more Force to do this than any other of his Feats, from his awkwardneſs in 
bing about it; for the Rope yielded and ſtreteh' d as he pop 55 the Cy-. 
inder 16,” that when the Extenfors of the Legs and Thig done their 
Office in bringing bis Legs and Thighs trait, he was 12 to raiſe bis 
Heels from their Bearing, and iſe other Muſcles that are weaker... But if 
the Rope had been fo Kd that the Part to be broken had been ſhort (in 
the Manner explain'd in the 5th Annotation of this Leclute) it would have 
been broken with four times leſs Diff 6. has e 
9. I have ſeen him lift a, rolling Stone of about 7 . his Han a, 
only ſtanding in à Frame above. it, and taking hold of a Chain that was 
faſten'd to it. By this, T-reckpn he may be almoſt as ſtrong again as. thoſe 7 
who are generally reckon'd the ſtrongeſt Men, they generally lifting no more 
than 400 by in that manner. The. weakeft Men, who are in Health and 
not ts te fa 3 about 125 #, haying about half the Strength of the 
ſtrongeſt. V. B. This BY of Compariſon is chiefly in h to the 
Muſcles of the Loyns ; becauſe in Fins this one muſt ſtoop for wards a lit- 
tie. We muſt alſo add the Weight of the Body to the Weight lifted. So that 
if the weakeſt Man's Body weighs 150 #, that added to 125 ib makes che 


#/ %#$ 1 


whole Weight lifted by him to be 275 15: Then if the ftronger Man's Body 

weighs Ares I M 15, 0 whole Weig che lifted by him oy be 550 th, that 1 oY ; 

400 Th» an e 150th w is Body wei m wWei s. abou 

200 i Which: added to the $00; that he 4 9 0 090 A 

92 to lift 900 45, beſides the Weight of. bis Body, to 
4 

N 


but he 


Man of 19 1b Weight who tan lift 406 1b. e e ona; 
| * Now as all Men are not E oportionably ſtrang in ren Pls but fins 
are ſtrongeſt in the Arms, ſome in the Legs, and others in 85 Bach, ac- 
ee to the Work and Exerciſe Which \ they uſe, we cat t * of a 
an's 
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282 A uni Euperimpuzal, Phil 
Annotat., Man's Strength by lifting only; but a Method may be found to compare to- 


Lect. YI gether. the Strength of different Men in the fame Parts, and that too with. 
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ABCD is a ſtrong Frame of Wood with an Hole thro' the up 


Piece DC; at D big enough to receive an Iron cylindrick Bar of an Ich 
Diameter or ſomething bigger, à ſtrong Iron Plate being fix d on each Side, 
"that the Iron may not gull the Hole. This Bar has a Square upon it, whoſe 
Side is about an Inch and one 9155 to receive the two ſeparate and une- 
qual Arms of a bended Leaver D F and DE; and then a ſtrong Nut 4 is 

ſerew'd over them at D to keep all tight. The Arm DE, which as a Stil- 

yard is to carry a great Weight W, is kept from falling below. an horizon- 
tal Poſition by an Iron Pin at K, which, ſtops. the ſhort Arm DE from in- 
clining towards G; but both Arms are moveable round the Axis D towards 
or N. The Arm DF has a round croſs Bar at top about fix Inches long, 


- 2 05 * 


as may be ſeen in its ſeparate Repreſentation 4 f. To the upright Tim- 


ber ABis made faſtthe Iron I. N, wich a Croß alfo at Top (See 7) and 
Holes for Iron Pins to faſten it in its Place. There is alſo another ſtrong 7 
piece of Iron H GI faſten d to the Timber that carries the Leaver by a ; 
ſtrong Wood Screw at I, and the Pin K going thro' its Wings and the Tim. 
ber. See its ſeparate Figure at 4g I. S is a Collar to put on when you 
don't uſe the upright Arm of the 42g Mis the Center of Gravity of 


2 


4 


I. To try one's Strength by means of the Machine with the left Hand 

take hold of the round part of the Croſs at N, and of the round part of 

— the Crols at F with the right Hand, and bring your right Hand towards 
5 the left in the Direction of FN which will move DE and raiſe the 
Weight W. When you can juſt raiſe it up ſo as to make F quit the 

Pin at K, the Force of the Arms will thus be found. Multiply the Weight 

W. (ſuppoſe an half hundred, or 56 t6). by its Diftance from the Center 

WD 0 hich we will ſuppoſe here 15 Inches) which will give 840 for the 

Momentum of Won the Stilyard: Then add to it the Momentum of the 
Stilyard it ſelf, which you will have by finding what Weight can draw up 
the Stilyard by its Center of Gravity, namely the Weight W (Fig. 6.) 
which draws it up by a String going over the Pulley C; and multiplying 
that Weight by its Diſtance from the Center, (which we will here 
ſuppoſe 10 Inches) you will have 60, which being added to 840 make the 
Sum goo, and that Sum, divided by F D the Diſtance of the Power, will 
give go i for the Foree of the Man's Arms who applies his Hands at 
and N. If another Man raiſes double the Weight at W + ſo much Weight 
as will anſwer to double the Weight of the Stil yard at M, he is mes 
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of the Weight W toward E will alſo ſerve to ſhew Aabbtet 

how much the Force is greater, inſtead of adding Weight at W. T Let. IV. 
The ſame way may be found what Force the Arms can exert in pulling 

from each other, by applying one Hand at F and the other at H. t Pl. 23. F. 3. 
And to try the Force with which Topham bent the Poker bearing behind | 
his f a Man muſt put a Strap round his Neck, which muſt — gde d 
to F; chen the Head being plac'd on the Side N of N L, with both his 
Hands he muſt take hold of the Croſs Al N and puſh ieee with his 
Hands, all the while pulling backwards with his Neck, to bring F to- 
wards N. 
kt The Gxth Figure i is another wooden Frame with the upright Timbers 
AB, CO alittle farther aſunder. * So that a Man may ſtand upon the r ri. F. 6. 
Plank FG, and with che Girdle and Chain thro? the Hole H pull up the 8 
ard DE by the Hook I, which W in this Caſe has not the upright 


a Leaver-of--a-third 
„and 1 DW the Diſtance of 


— , il be che abſolute 5 


1 e 3 
Weight hit is IT or Force of the” Maſcles extending the Leg 's. Rut 
here the Weight of the Trunk of the Body mult be added, and confider'd 
according as ſome Men are heavier than others. N. B. The Notch, K bin- 
"ders the Leaver from. falling below the horizontal Situation; and w drawing 
over the Pulley C ſhes Bow the Leaver acts at its Center of Gravity: $0 
that when w is hung on, the Leaver is to bt look'd pon as an Infirument with- 
ns RY 
- The 1 Fig + 77 the Stil yard at DE with a wooden . 
lindee of of an Inch and an half, or two Inches in Diameter, upon 28 
Ceontinued behind at DF which SR. is drawn. ſe parttely at nl 
its Iron Axis at g h, and the Nut at. i. Fm anon Ry _y f Pl. zz. F. g. 
4 The eighth *. + Wpteſches u Machine to try the Sevenger of the 
Fingers; ; in which, when you thruſt the Fore-finger under G, and the 
_ Finger under II, which are fix'd Points, the middle Finger may puſh 
upon N to lift a Weight at W, in the fame manner that Topham breaks 
. pieces of Tobacco; pipes. If the Hand being held with the Palm up- 
wards, the two firſt, and two laſt Fingers | be thruſt in under G and H, and the 
Thumb preſſes upon N, that will ſhew in what manner the tops of Pewter 
Pots and Silver Tumblers have been ſqueez'd together by Men very ſtrong 
in the Fingers; and thus will ee ngth that { Wy ae exert 
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= HERE are ſeyeral Organs or Inſtruments, which may 
be calbd Mechanical, or enumerated among the In- 
ſtruments, commonly, but erroneouſſy, calpd mechani- 
_ . * cal Powers; which I purpoſely omitted (or only men- 
1 tion d without explaining their manner of acting) in the third Lec- 

5 ture; becauſe the Know ledge. of the Laws of Motion is neceſſary 

for underſtanding upon what Principle they act: And ſuch are the 

battering Ram, the Hammer or Mall, the Fly, the circular Pen- 

uuium, the Jing, and the Bo or Spring. 
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draw ſeyeral Corollaties or Conſequences from them, Which 1 
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to Motion: EC readily — in Motion 
would continue to move for ever em the action of an extrinſecal 
Agent; becauſe we ſee Bodies here on Earth gradually loſe their 


the Motion of Bodies, we often imagine that Motion languiſhes and 


at laſt quite periſhes of it ſelf. But if we conſider what external 


Cauſes retard Fond deſtroy Motion, we ſhall ſoon perceive that if 
thoſe Cauſes were remoy'd, a Body once put into Motion in _ Di 
rection wou'dcantinue 1 in that Motion and Daelim for ever. 1 


"4 ene ee eee ee neee 


tion that it has received from the Hand, and wou'd continue in 
that State of Motion for ever, if there was neither Air nor Gravity. 


- in going forwards mi . make 
way; and as it muſt communicate Motion to thoſe Parts which 
— nw - fo much Motio mmunicates, ſo much it muſt loſe; 
ſo that after ſome time — gone through a certain 8 ace it 
muſt hang in the Air immoveable, that is, if nothing but Air 
acted upon it. But beſides the Air, — (which is a Force puſh- 


otions, and for want of attending to all the Cauſes that deſtroy 


When we conſider the Reſiſtance of the Air, it is evident that the 


* 


of neceſſity to the Body, to put it in. 


ng downwards) alters its Direction and * it gradually to tlle 


Ground. This Endeavour which every body has to continue in its State 
of Motion does not ſeem to ſome to be properly call'd a Force of 
Inactivity (Vis inertiæ) but when we confider that the Body is 
purely paſſive, neither au 
tion of it ſelf, we ſhall 
State. Thus "when ſand by a Rive Side and obſerve a live Fiſh 
carried down the he is wholl rune that Motion, and 
continues in that Motion all the whi he is inactive: it muſt he an 
Action exerted (equal to the Force of the Water) that wall make. 
him come to ry e 2 os _ 
men 2 | 
. 


eee a, a certain * ally Bowlen a Bott 

3 5 neither mom d mor rollid, and can o y throw 1 it 20 Vardswith 
that Force;-whew the. Green is mow?d; he.ſhall-with the ſame For 

_ brow r4urher; 30 Tard for Example; then if the Green be roll'd 
as well as mow'd, the fame Force may throw the BowWI (for Exam- 
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nting nor throwing off any of its Mo- 
Lad iu to be e e eg in that 


ple) 46 Yards; and ſtill if more of the Obſtacles are taken. or, 
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Sides, if only one of the Forc 
ares print bits 2791 A 93-10 901i 
Tris is not fo readily conceiv*d by 

to mathematical Reaſoning ;' becauſe, 

on of one of the Forces, they do not attend to the other: but it 

=_— will appear very evident, by conſidering ſuch Caſes wherein! the 

= Space in which the Body moves is carried in a different Direction 

1 from that which the Body appears more immediately to be mov d 

1 pl 23. F. ic. in. As for Example, let us ſuppoſe TS (* Pl. 23. Fig. 10.) to be 
1 a Trag ſebuit or Dutch travelling Boat (I mean the Plan of it) Hb 
1 5 G, the Canal in which the Boat goes in the Directon T's, and A 
= and Btwo Perſons ſitting over againſt one another inthe Boat. | Now 

ny nt let us ſuppoſe: the Perſon at A toffing any. Body, as for Example, a 
1 Ball, to the Perſon at B, and fo reciprocally: all the People in the 
1 Boat will conſider the Ball ſo toſsd as only. moving in the Line AB, 

' whether the Boat ſtands ſtill or goes on along the Canal, the? there 

be but one Force acting upon the Ball in the Direction AB when 

the Boat ſtands ſtill, whereby it really moves in that Line; but when 

the Boat goes aldng, another Force in the Direction Ag does alſo 
at the ſame Time act upon the Body, which by that compound 
Action is really carried in the Line A B, tho? the Perſons ſitting by 
=_ -  . fangy the Ball to go ſtill in the Line A &, becauſe they are carried 
42H along top and forget that theForce whichdraws the wholeBoat does 
TOR Now this will he evident to the Sight of a Man that ſtands upon the 
[1 . Bank at C; for when the Boat ſtands ſtill he looking towards D on 
1 the oppoſite Bank, ſees the Ball move (as it really does) in the [ue 
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Thing, be io ville to the Nan at E. Ter if dhe Man ze Giftvod —@& © | 
upon a Plank at A C faſten'd w the Boat, being then carried along 5 


_- e in the ſame Time carries it croſs the Boat, or From 1 1 


met with a great many Perſons of good Senſe, who for want of 


on Which all Mechanicks are for 
join'd variety of Experiments to the fame PEN. braun ky * 
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AB, But when the Boat moves 5 and. goes from the Poſition TS Lect. V. 
to the Poſition. 75 in the ſame time that the Ball moves acroſs eric 


the Perſon at A to the Perſon at B, it is plain (and will be ſeen by 


a Man on the Banle at C) that the Bali moves in the Diagonal Line 

A 6b, becauſe the Perſon who was at B does not receive it till he is 

carried to & by the Motion of the Boat; which his Oppoſite (be- 
at the ſame time carried to 2) does not attend to, tho® the 


from C to c, he would not diſtinguiſh between the Line AB and 
the Line A b, but (When he came to c) ſuppoſe that the Body had 
mov 'd in the Line 4b, which he would miſtake for AB; unleſs 
looking over the Canal, he ſhou'd conſider that he no longer faw 
the Point D but the Point 4. Thus in a Ship, if a Man ſtandin _ 15 8 
on the Deck near the Maſt toſſes up a Stone to another who ſtand 

on the round Top, or receives a Stone dropp'd from thence, the 


Stone will move parallel to the Maſt (ſuppo the Maſt right) „ _ 0 
whether the Ship be at Anchor or under all; thoꝰ in the fir „ . 
the Stone moves pen ndicular to the Horizon, and in the laſt Caſe . 


oblique to it as it riſes or falls in the Diagonal of a Farallelogram; „ 
whoſe contiguous Sides repreſent the two Forces acting upon the 2 
Body, the one perpendicular, and the other parallel to the Horizon; 
juſt as in the laft Inſtance, the two Forces A B and Aa 3 CEupan 
WI Ball horizontally projected in the Boat. 
0 B. Whether the Baut goes Faſter or mer (in which Caſe 
Ab becomes longer or ſhorter) the Ball will perform its dia- 
"| gonal Motion in the ſame Time; for ſite the Force AB 
continues the ſame, all that is done by the lateral Force 
Aa ir any to male theBall come to a different Point of the 
Nie Bu arm or born mſtead of By while the Force AB. 


e "7662 Line r to ev N of the Line Bb. 


I 7 Fr £3632 
5 HAVE been th more oculini] in this Eaplication, 10 — 


Attention have not been able to conceive this compound Motion, 
ided; © For this Reaſon Ihave ſub- 


| oy —_— amo Convince. 7 1 
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Lect. V. | 


Pl. 23. F. 11. 


As the W 


| BxPERIMENT L PL 23. Fg 1. KD 


'T HE Machine of Plate 23. Fig. 17. conſiſtsof a braſs Plate ABCD, 
upon which another Plate IKL M ſlides forwards and backwards 
in the Direction TS or ST between the Rulers AD and BC un. 
der the Edge of two other Rulers EF and GH, of which EE is a 
little Rack with Teeth to receive the Teeth of the Wheel N, which 


is faſten'd to the Plate IMK L by the Cock NO, and turns round 
its Axis Nas the ſaid Plate is puſh'd forwards and backwards. 


The 
Wheel in its Motion along EF carries another Rack PQ at tight 
es to the former either to the right or to the left, accord 


- the Axis of the Wheel at N 1s paſh'd 3 in the Direction IS or T. 
This laſt Rack has an Arm S R with a little Socket at R to receive 


a black Lead Pencil, which according to the Motion of the End R 
will draw a black Line te acer the 3 on _ * e is to 
e b | 
Twins! muſt be aun upon che paper a Square * — 
whoſe Sides is equal to the Diſtance between the Edges. of the 
Rulers A D and BC. — ms up the Wheel N as far 
as it will go, lay the Machine upon , fo that its End AB 


any be parallelto gh one fide of the 80 9 at fuch 
iſtance as to have the Point of the Pencil fall upon the Point 6 | 


105 the Edge of the Rack PQ over the Line 46. then with one 
Fand preſſing down the Plate ABCD of the Machine at T, to 
Keep it immoveable upon the Paper, pull down the Cock N O in 


equal to e g; and the Pencil, inſtead of 
the _ e. — iehe Sil deicribe the Diagonal Line eh, becauſe 

cent 1s turn'd round by the Rack EF, it 
— Rack PQ <0 the right, juſt the length of ef, by means 
of the Teeth in the ſaid Rack, and the slit in! it which lets it go late- 


the Direction ST a Lengt h 
gdeſcribin 


Jet ning the Pins IM by the Action of the Wheel, while the faid 


down from the Line 0 to the L ine de. 
* roll lis deſcrib d in the ſame time that the 
rib'd-if there had been no lateral Mo- 
tion; "rake off — — anti then the Pencil's/Point will deſcribe 
the Line eg, while the Cock is drawn down the ſameLengfh as 
before, or puſh'd up again. This ſhews-that it is the ſame thing 


Tt 


for a Body ate to be acted upon by two Forces in the Direc- I 
| tions f and e g, as to be carried from the Line e g to the Line | 


„ | 
_ . | 5 Pg Sf 
| of ; 4 1 . 1 1 a 5 5 k . 
AO of . ental phy. 


fb, at the ſame time that i i brought 4 down from the Line Wi 
the Line g l. 


Bxpuatnnat n. 71 8. Fig. „„ 


5 28 8 8 
Led v. 


WNW 


Tap 1:th re of Plate 23 is a ſquare Frame of Wood, oer 23. F. 12. 


which the pa DBE is to be ſet on its Side BE, whilſt the 
other part of it e deb is drawn out of its Groove into the Poſition 
44 £e; by which means the Ball A is made to deſeribe the e 


Aa OR, and the ſame Diagonal deſcending is deſcrib'd when 


the ſliding part is puſh'd back into the Frame in the Direction 4 4. 


There is a Wire Ac fixd to the bong part for the Ball to move 


up and down on, and a String 6c whi 


goes thro? an Hole in the 


Pleces 4c and DC, fo as to have its End faſten d at C; by which 


means the Ball muſt riſe when 4# ee is drawn out lateraſl ly; and 
it falls back again by its own Weight when 4% ee is puſh'd in agair: 
and when 44 6e is left in its containing Frame, the Ball will riſe 


and fall by pulling or letting go the A cb. If the Wire AB 


be conſider'd as a Dope. arallel to the 
have faid of a Body ll from che round Top of the Maſt and 
wer 9555 to the Maſt (whether the Ship be at Anchor or 


W or two Forces e upon . W 
Bor a8 1 ite id Wie . tas x this 400 * llt men- 
tion'd Machine, did indeed, by the Contrivance of them, make a 


aſt of a Ship, what we 


move 'm a Diagonal; But they did not prove that Nature 


ated that mY, I have mite the Th ing 7 * W the 


13 . 
22 * _ g j * oi 6 2 F pd ; ; + 40 


f x * - 


bags x: = E CPE NM * N T 2 WOE 23. Gag 13. Fr | to 
"pa WI Table 'GEPD: Ranids | upon a Pivot P, and has ab 


. 


Hole on each Side of its Center half way from the Circumference, 
at A and B. At right Angles to the Line that goes thro' A CB is 


drawn a Diameter DE, and from ſeveral Points of that Diameter 
equally diſtant from the Center on each Side, are drawn the 
Rhombs or equilateral Parallelograms, DAEB, 4AeB, and 4 A 


B. The Ball D has two Strings faſten'd to it at the ſame Point, 


and thoſe Strings being carried thro? the Hole AB, have hanging at 


their End two equal Weights W and X, which by the 198 ray 


ago 


U CA 
* 
> 


. 
„V. 


* 
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of their Deſcent will bring the Ball D to reſt upon C the Center 
of the Table, whilſt the parts of the Strings on the Table are in 
the Line A CB. If the Ball D be pull'd back to 4, 4, or D(whereby 
the Weights W and X will be rais'd up, and the Strings will lie u 

on and have their Directions in the contiguous Sides of one of the 


* C 1 14 of: 4 1 0 | 1 
I *. | 


Parallelograms) as ſoon as you let it go again, it will run in the Line 
DE which is the common Diagonal of all the Parallelograms; as 


may be beſt perceiv d by 1 one's Finger or a Wire at the Cen- 
ter C, which the Ball will ſtrike in its Motion. Here it 7s plain 


that the natural Gravity of the Bodies Wand X 4s the only Force 


(divided into two equal Parts) which acts upon the Ball D, and 
that whether the Diref ions of thoſe Forces be at acute, r 9275 
or obtuſe Angles, the Ball is ſtill carried in the . of a Pa- 
rallelogram of equal Sides, repreſenting equal Forces. But, if 
one of the Weights as W, be taken as heavy again as the other, 
«he Ball from P, d, or J, will run in a Direction between A and C, 
and not run over the Center till you let it go from F, in which 


 Caſethe two Strings will make two contiguous Sides of the Paral- 


Farth, that if the Earth did turn round from . eft to Eaſt, a Can- 


as, ram F AGB, whoſe Proportion to each other is alſa as Two 
and One ; the Diagonal being FCG, which paſſes thro' the Center. 


X 2 a 
* 
- 


Ir was objected to Galileo when he aſſerted the Motion of the 


non Ball ſhot upright, would not fall down in, or near the Place from 
which it was ſhot (as we ſee by Experience it does) but move to the 
Heft according to the ſpace of Earth that had been carried towards 
the Eaſi, during the Riſe and Fall of the Ball; which he anſwer'd, 
by ſaying, that the Ball is acted upon by two Forces, One, that of 


the Powder which throws it up, and the Other, that of the Earth 


which carries it to the Eaſt, making it in its Riſe deſcribe a Dia- 
gonal Line towards the ZEa/?, and from the upper End of that Dia- 
gonal, another Diagonal Line alſo towards the Ea in its Fall. He 
alledg d the Caſe of the Ship that we have already mention d. But 


| nothing will make the Thing fo plain as the following, 


4 3 & 8 n 2 
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the Floor of my Room, I ſcrewꝰd the two Hooks 8, and by means 
of four Strings hung on the ſaid Hooks, the braſs Plate or flat Fen- 


Tos an todd Piece of Wood G H, fix'd Aber 10 Foot Wave PL 24. F. 2. 


"rs dulum ABCD, which (by reaſon of the Diſtance of the Strings 4 


at their Points of Suſpenſion S c) 3 its Vibrations in a cir- 
cular Arc over the graduated upright 


Pune of the Wood as it vibrated in the Direction E , or back a- 


gain, at the Diſtance of about nine Foot from the Piece G H Over 


the two Pullies I, K, ſcrew'd into the upper Side of the Piece G H, 


ran the String L KI W, whereby the Weight W might be let down 
upon the Pendulum AB 8 D, or lifted off trom it at pleaſure; there 


being an Hole thro GH, , Juſt 1 under the Circunterence: of the 
Fam of the Pulley I. | e 


La ot Perdybim (the Wei ht W 1 ir) be drawn out of 


the Perpendieular to E, and then, when it is loos d, it will vibrate 
towards E, and ſo back again towards E, Sc. for a confiderable Time. 


During that Motion, if by pulling the String at L the Weight W 
be lifted off of the ſwinging Plate, and then let down again, it will 
always fall upon the ſame Part of ABC D, tho' ABCD be-mov'd 


br way out of its Place during the Time that the Weight Weis 
of it; and that, at whatever Part of the Vibration W is lifted off, 


wooden Plane E HF which ſtood 
under it, the Center of the Pendulum never moving out of the 


and at whatever Part of it, it is receiv'd again. For tho' the Force of 


the Hand pulling the String i is the Cauſe of the Riſe of W, and Gra- 
vity the Cauſe of its Deſcent, yet it has alſo another Force acting 


upon it, which moves it in the Are of Vibration, as Part of the Pen- 


dulum compounded of AB CD and W. Juſt fo as an Part of the 
| 2 on which a Cannon is ſet upright, is carried 'from Weſt to 


Laſt, by the Motion of the Earth round its Axis; the Cannon Ball 


ſhot up, beſides the Motion receivd from the Exploſion of the 
Powder, has another Force impreſs d upon it by the Earth's Motion, 
as It is a Part of the Earth, and is carried from ¶ eſt to Eaſt in the 


5 Air, as well as the Cannon is upon the Earth, ſo as to fall ated | 


again all, or nes flip Mouth of the Cannon. 155 


A 0 ANNON Ball or: any. other Projectile never deſcribes a right 
Line | in its Motion, but when it is thrown. perpendicularly up or 


To down, 


. 
1 


Pl. 22. 2. 4% Lyy: 4 . at A 16 PY. 24 4 ns Y as s for Eames A 
Ball, be ſhot forward in an horizontal Bireckibn A E, ſo 15-40 move 
With a determinate Velocity; for Example 4 Mads in a Second of 
Time, or from A to B. It is evident by the Firſt Law, that it 
muſt the next Second go on in the ſame Direction thro? the ſame 


It is alſo plain, that if there be an 


I 


Wa not at all n che uniform Acceleration of the Motion of 


Lest. Vi down, which right Line of EY or Deſtent is Ws Diagonal of 
2 Parallelogram, as we have already ſhewn; but ben the Bod) 

1 is thrown horizontally or obliquely, it deſcribes a Carve 
call d a parabolick' Line. Now this Curve is made np; of an infi- 
nite Number of fmall Diagonal Lines, that, contimally change as 


the DireQtions'of the Forces alter in the Body's compound Motion, 


Which is eafily explain'd from what has been ſaid of the Action of 
two. Forces, and the Con Ger | 
the Fall of Bodies; which (as it is a Fact and Matter of Obferva- 


deration. o of the Acceleration of Motion in 


am the 


tion) muſt be now taken for * tho? we ſhan't expl 
8 ok, 15 97 in the L200 
owes 


Space, vag. from B to C ani! {6 10, D, then to B. then ˖0 B, Ec. 


at right Angles to the Line! A E, as in the Line K k, which i 
perpendicular. to the mn . the Earn (or to take the t 
ly, a Force pr 


ine K. 1X the Action of 


Force upon the Body ſetting out 


— 1 will neither accelerate nor retard its Arlon from the Line 


A L. to the Line B M, nor from the Line B M.to' the Line C N, 
nor from the Line C N to the Line D O, nor from the Line DO to 


the Line E P, nor from the Line E P to the Line E f; but only 


cauſe the Body to go thro? different Points of thoſe Lines inſtead of 
the Points B, C, B, E, F. Now I fay, that , c, d, e and f, will 


de che Polhrs of the Lines BM; CN, 5 0, BP and Hf, which-the | 
Body will go thro'. The Force preſſing downwards in the Direc- 


tion Pot is the Force of Gravity, by whoſe Action it is obſerv'd 


that Bodies fall with an accelerated Motion, in fuch Manner that 


in the firſt Second of Time a Body falls Rod (or 163 Feet, ) the 
ad Second, 3 Rods; the d Second, Rods; the 4th, Rods, Cc. 


which Spaces are here expreſs'd. by AG; GH. HI, IK and KL. 


And it the falling Body, during the "Links! its Fall, be acted up- 
on by another Force in an horizontal Direction, as in the Direction 
A F, (or rather from the Line AL towards the I ine B/) that Force 


the 


tion of. the eval Law of e 


from the Line A F towards he | 
hwy: 


mental Philoſaphy. i 
1 * . 


the deſcendin but onl 1 to Geng er 0 
piers f Rady the by nl of 85 es 5 ” ors 25 2 * 
for Example to the Point 7. | I 


The ſeveral Points of the Curve in which 1 Bey Mares: 5 wil 
be thus found. The Body at A is acked upon by the two Forces 
AB and AG; the Lines 'G band B &, reſpectively equal and pa- 
rallel to A B and A I» . 25 r Ab: conſe- 
quently the Body muſt moye in the Diagonal A &. The Body at 
bis at as apap ta ly 11 the Force + % equal to A AB (or "07" 
brqught n nd at the a by the Force 
17 by kee 50 1 to 3, and transfer'd from G H io 

for . tf ORR er e Force, * 15 in the 2d Secon 


Pf, 
e.carried dy frqm & to H (as it is not alter 
of Hine - Qance 0 55 = Effect 175 0 hor b 537 q SI. will tl aa 

5 50 85 1 7 pa 6: 4 5 Jr 110 
Fore ray m the ſame Lime car- 
3 pA Line 3 tire 15 as the Force 6 5 
the Line bc, and ie e a8 =. 
17 e Time the Body wilt Eee the 

71 e 0 5 55 s meet, having 7 the 75 
by the joint Action of the Forces þ 4 7 , The Boch ars 

acted upon by theſh rizontal Force 4, (= N and the perpen- 
dicularjForce cz (ſo increas'd as to be = = HD; at the ame Time; 
the Fore the. Body will go in Diagonal 4 For the fame. Rea- 
Paal hen the al is at 4 it will go in e Ae 1 

e am deen, by ahe. joint Action of the 

2 ale from e h to f in a new Diagonal , iS, 995 9 
the Action of the two Forc ces e and 


* 


the Parallelogram el 
1, 85 5 


e % 0 E 1 U 


1 we had divided the Time of the whole Motion i ion more, 5 
therefore leſs, parts; we ſhould have had more Diagonals from A, the 
Beginning of che Fall of the projected Body, to / the End of it, 
Which would haye made its way A he def more gurye by having 
more changes, of Direction in it. Now as the Motion of Bodies 
downwards: by the Force of Gravity is continually jnereaſing (or the 
Line A G continually becomin longer) and not increaſing Wy Fits, as 


We e rag d it me the Action of the two Forces the better 
1 5 5 Ea conceiv'd, 


294. 
Led. v. conceiv'd, there is a continual Change of Direction in the Motion 
ol the Body forwards and win (or the Diag 


+ 5: 


B along the curve Surface B“ (which is made ve 


on Occaſion, where it is repreſented by the prick 


Point Y, 


ſeribes a 


A dure of Experimental Philoſophy. 


onals N 

infinitely ſmall) fo that it deſcribes a Parabola in going from A 

to . 15 i 
Tun 215 be illuſtrated by the e Aus gar 


* $221 UF © 23 


1 * 
; [6 


3 81 3 is! 


P). 24. was contriv'd by Dr. 's G raveſande Profeſſor of Mathema- 
ticks 10 Aſtronomy at ,Leyden) to make this parabolick Motion 
of Projectiles evident to ſight. AB GF is 7 ſolid Piece of Wood 
15 Inches high and 2 Inches thick, ſtanding up upon its End F G, and 
ſet u 
E to be filbd with ſoft Clay, ſo that when the Ball B falling 
fa*cd with Braſs or planiſh'd Tin) and deſcribin 


Parabolick Line & x & E it may make a Mark to ſhew exactly the 


Place where it fell. The Piece G (Fre. 5 L eee to be pu | 
ines repreſent it at G 


on upon G E of Fig. 3. where the prick” 
3 4, having alſo a Pit to fill with 255 to receive the Mark of the 
| falling Ball at . The Piece K (Jig F.) is to be mr on over it 55 
d Lines 13 , to 

intercept the falling Ball, and ſhew by the Clay in its Pit where the 
of the Line # » falls. 
the 3 Rings 7, , 7, thro' which the Ball will move when it de- 
arabola from 61 to E, the * ve 1 


| being then remoy'd. 


ona 


The Height B C, or the Ditiaice between the Line A B D ol 


the Line Cc d/ „eis of ſix Inches; and the Height 6 G is of nine 


Inches, being divided into three unequal Parts, of which the upper- 
moſt contains 1 Inch, the next 2 Inches, 
Now if the Time, inwhich the Ball falls from 4 to G, be divided into 


and the loweſt « Inches. 


three cual Parts (which we will here call Inſtants) the Ball will-in 


the firſt of them Sh the firſt Space mark'd , that i is, one Inch; 

and in the next Inſtant the Space 3, or 3 Inches and in the d In- 
ſtant the ſpace 5, or 5 Inches N. B. This happens on account of 
the accelerated Motion, the Cauſe of which ue ſhall explain in con- 


ates the ſecond Law of Motion. When we let the Ball fall from 


q B, and 


* Machine e by the 5 p "os 1555 0 Figure 0 =" 


the Board or flat Piece F E, which has a little ſhallow Pit * 


from 
ſmooth, or 
in the Air the 


There is alſo an upright Board 
B D E to be taken off and on upon Occaſion, on which are faſten d 


Tf 746 5 


PETR 
"NE 
>. 


and i it Hol down a hb curve Sis ; 65 it 


*:. 


has acguir'd 15 V. 


20 a 3 — bas is able to throw it forwards double the Di 


ſtance B Cor Height from which it fell) by 
from to e in = horizontal Line's c4 e, if it was not fte d out 
of it downwards by the Action of Gravity; but Gravity neither 


an uniform Motion, DN. 


accelerates nor retards its Motion forwards, only makes it come to 


the Point Erinſtead of the Point e, in the ſame perpendicular Line, 


and in the ſame Time. And if we conſider Two other Points of 


the Parabola bs E, viz.'* and 7, we ſhall find, that the Ball which 


in the firſt Inſtant of Time muft have $0 one » c by the horizontal 
Motion or projectile Force, is brought down by Gravity to « ; arid 
inſtead of being carried to 'd the ſecond Inſtant, it is broug ht to 4 
in the Parabola, which Point is directiy under 4, and in the fame ho- 
rizontal Line as the End of the àth Inch or 2d Space in the Line of 
Fall 4 G. To prove it ering che Bal hut on the two Pieces G and 
Kof Fig. 4 and «, then letting the Hall fall from B it will run do 
the Curve B &, and then in the = go from 5 to , where it Will 
make an Impreſſion on the Clay: take of the Fiece of Eig. 5 „and 
let the Ball roll down again from B, and it Will fall on . Point 
| 4 as will alſo be ſeen by Tipe on the 8 
off the Piece of Eig. 4. and the Ball will go-to! 
you put on the Board B D E with its Rings *, 
from B will deſcribe the Parabola & E 's, ASA all the Rin 
tho? there were as many more, provided the Parabola paſs thro 
their Centers. N. B. The: Reaſon uh "the Ball falling in 
the Curve Bh acquires a Velocity to carry i forwards uni- 
formly tavice the length or Height B C, in i Time equal to the 
Time .of the Fall, will be alſo eu in e toe 1 85 Law, 


77 a Cannes Ball or any biber Body be 7 or pr 
upwards, it will nn * it's "oP 4 Fa, 4 eſtribe 2 12 | 1255 


bola. | DOLL in Bb Bak £5 


and vhs. 
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Contmurieni ons V7. 24. Fi. PR 


DRAW a 
its middle Point 3 raiſe the Perpen 
Height 3 e for the 


icular 3 E, upon Which take the 


will be a Tangent to the intended Parabola in the Point A. Divide 
the Line A E ee Foul: Parts; as for Examp le, 
LJ: a -6þ,1 Is | Al, n i 781 ( 6 ll r, 


* 4 


4 » 
I ”Y F % „5 E : 7 
» . 1 * 
6 | Pry F 
i 
4 0 y S . 14 wes 


it's, then 1. 3 
of 7, the Bal "ng 


Line A'; for the Any litude of. 1 Parabola; ind upon pi. 24 1 


Axis of the Parabola. Fon to E upon the 
Axis continued ſet off e Ee 3, and draw the Line A E, which | 


Both coping 


IT on which will. n 


i mY Sg 2, at th 1e Th 

t the four une ants. 
©. 9, „ 2, 23 may reſpeCtive ly. contain one, LAFCC, nve, andſe- 
5 "the. equal Parts. Thro the Points 9, , and 2, draw — 6 
4% eg, and #4 parallel go the Line 4 i, which Lines will meer the 
Perpendiculorsinthe Points &, c, d, 5 pk. and be. Ordinates. 10 

- the Axis e 3. Upon the Line r Axis continued mark e 5 n, 
27 2 and likewiſe e K n tram the Points K, Z, and 
2 draw K he in and onthe.gther ſide p % Z g, and Kb. Ita 
nl be f thro? "te Pals lod, £146, f. g. 45 and z, it 

eal ha bola, or the Line which a Freie hot from t 
Point A in the Direftian,AB 1 ſcribe; 
City 2 b be to it able. roa EF; 


_ ©, or. 7 75 6, ont, 8 2 27 and K, b, which 
las well as 27 77 jou. nts to th op ek in 155 
Points 4, c, d, e, % Then thro x aſe ga 
E m, 3 u, an , 8 as b 
Perpendicular at.the Points 4, E, m, o, 5 4, 5 and;x, — com- 
— 5 Parallelograms A B ba, blck, cu am, dpen, er f 1, 
1487: g h u, byi x. Aa, B, bl, It, em, n d, do, p e, e ij, 
fs, tg, gu, h, hk, y i, are all equal; Which may be ea- 
ſily demonſtrated from the Conſtruction, and the Nature of the 
| 03-9 4 ; but we rather chuſe to OT it from n ip 
* following Ex Paton. | 
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2. 6 By the Firſt;Law i it Would 
MG hls DE, EF Sc. 9 
ontinually. in the Line Acf, c. if Gravity did mot, act upon t I 
bring it. donn; but for the Reaſons before alledged.during.the felt 
Huſtant, Gravity weill have hrought: it down to: (or, hich is the 


lache thing, it will move in the Line A b Diagonal of the Paral 
lelogram 
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Force (712. the proje&tile Force) acted u 
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1 ehe Boch moves winks a Veloci * N 8 -— 

till it comes to the, Vertex. of the Parabola at e, then goes down 

the other: half 4} 7 with a: Motion uniformly: accelerated. For 
„BC, C, BE, BF, Sc. haye been ta en equal = 


in the Line of the firſt Direckion of the Projettile; 11 5 the: 1 104. 
go thro” them in equal Times, if 


dy at tlie Ane KEE 
idiſtant and parallel to cach . of 1 
equidiſtant and. parallel to each other): in the ſame 

that it would hay done if there had- 275 no Gravi 


as, Gravity a upon the, Bo F tho” 


+ebr:r 19367 | IF $5.6, 
* wer BA von 5 0 re. & Lott. 


8 


1 


0 
V. 


1 


7 


2 
92 
* 


1 ©". "Mb" L F ? 
- j.- 0 8 * 
FI : . 
, \ ® +15 * 
— 
* y 
* 
1 - 
4 Conr 
55 a [ 
$A « 4 , 
5 3 * 4 
* 7 


W 


W000. 1 


| | — 8 : 4 , 9 ; 
1menta ooh. 
1 7 Y a 4 ky Ly N e 4 5 8 a, | 2 i | F 
>. * | 


TY 


"0 4 


of being at C, it is brought down to c, having fallen from the fir. 
Direction or Line of the projectile Force thro! a Space equal to e , 
or four times e 4 = Bb, the Space fallen thro? the firſt Inſtant ; at 
the End of the third Inſtant, inſtead of being at D, it will be 
brought down to 4 thro? a Space equal to e 2, containing 9 times. 
? 9, or Bb, the Space fallen thro? the firſt Inſtant : at the End of the 
þ fourth Inſtant, inſtead of being at E, it will be broug 


OL t E, it will be brought down to 
e, thro' a Space equal to e 3, containing ſixteen of the Spaces 


71 
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of the firſt Fall Bb or » 4: Now: ſince the Spaces which the be 


K& 


goes thro". in its Aſcent, in equal Times (that is, the Lines A , 
b c, ©. d, and de) are not only leſs than the Spaces A B, BC, CD, 
DE, but alſo leſs than each other, becauſe their Change of Di- 
rection makes them continually cut the parallel Perpendiculars at 

leſß oblique Angles, it is evident that che projected Body conting- 

ai dimmuſhes us Velocity till it comes to its utmoſt Height at e, 
the Vertex of the Parabok : and this will alſo appear, if we conſider 
the Motion of the Projectile here, as we did that of the horizontal 
Projectile; viz, by examining how. ſeveral Parts of the Line de. 
ſcrib'd by the Projectile are like ſo many Diagonals deſcrib'd by the 
Aktion of two Forces, one of which changes its Quantity and Di- 


rection by extremely ſmall Intervals, tho? here we take great Inter- 


vals to make the I hing more plain. © 
I 8 f | 5 : ** 1 4 ; f N 2 1 ; © 5 , - 8 * 5 | ; 4 . N 7 % — S wo $7 


Wuxx therefore the Body projected ſets out at A in the Direction 

A B, AB. repreſents the projectile Force, and A « the Farce of 

Gravity ; as the Lines B and & 4 compleat the Parallelogram by 

onſtruction, the Body will go in the Diagonal A l +. The 
Body being at & will, by the firſt Law, endeavour to continue to move 

inthe Line 6 /, being the Diagonal continued, that is in the new | 

Direction which it has now acquir'd, and with the fame Ve 

locity Which it now has (which is leſs than what it had at A, be- 

cauſe the Diagonal A 5 is ſhorter than the ſide A B); therefore 6 / 

now repreſents the projectile Force, and & & the Force or Gravity, 

which we take 707 to A 2; becauſe we have no Regard to the 

Body's being in Motion, but conſider it as ſetting out from the 

Point , by the Action of the Two Forces & and 4 k : the Body BB 

„thus afted upon Will moye in the Diagonal & c of the compleated | 

Parallelogram 6 /c &, with a Velocity as much leſs than it would 

have had in the Line & % as the Diagonal 4c is ſhorter than 4 J. The 
Body at C will, by the firſt Law, endeayour to go on in the Line 

; 7 with the Velocity, which it now has, but the Action of Gravity | 
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lelogram þ y 5x will be fill greater than the I 


As the Body comes down from its utmoſt Height at e, it con. 
tinually increaſes its Velocity. For, firſt, if we conſider it when 
at e; the projectile Force is e, Gravity.e 4, and e (the Diagonal 
of the Parallelogram'e 7 f q) the Line deſcribꝰd by the Body. iow 
as the Line er repreſenting the Direction and Velocity of the Body 
at e is ſhorter than the Tangent Ft repreſenting its Direction and 
Velocity when at / (becaule e 7 is perpendicular and Fr oblique to 


equidiſtant Parallels) the Diagc 


gonal e /, therefbre the Bodys Velocity will be ſo much the grea- 
ter. Thus will the Diagonal g h of the Parallelogram g w u, 
the Space gone thro* by the Body in the next Inſtant. be greater 
than f g, and conſequently its Velocity. encreas'd_ in that Proporti- 


on. And laſtly, H i the laſt Space being the Di 


* 


EC 


. . 

* * : 
and conſequent- 
1 * f 1 5 . % 

* * * % 

I 6. * bk V. # «tf . *. 

E a LOWE 2. 3 4 6s * ILY 

„ WRC WS . * * 


* 


e Velocity alſo greater. 


* 


; 5 * 4 . n o s . * 0 
; A =”, N : ; . 3 FEW „ 
» l 2 : 1 —_— 3 F W 4 Þ» : : i Y 2 : : 
g 1 | # : W 1 + g 33 ; | . "FTE 5 141 
. ; - | | a 7 
0 * " + + * * . 3 
; a 1 N "+ ” i, 2 + "4% 


# * 
. * * 
* * „ 
4 4 
oa 


_ HENCE may be known the different Velocity of a Projectile in 
e Parabola which it deſcribes, wlietlier in its Aſbeinit 


any Point of the Parabola 1 
or Deſcent : and it will always be to the Velocity in any orber 


Point, diretthy as the Lengths of the Parts of the T angents to the 


Parabola at thoſe Points which cre,imtercepted between the ſamt 


or equidiſtant Parallels, As for Example, the Velocity at A: is 


to the Velocity at :: as BC: to C/; for ſince (by Conſtruction) B C 


is equal to A B, and AB repreſents the Velocity of the Body at A, 
a8 61 repreſents the Velocity of the Body at 4; che Velocities at tlie 


{aid Points A and & will be reſpectively as B C to 5 // Thus if we 


„ F o ; j gh wt” | 
compare the Velocities at A and at 4, they will be to one another as 


' Deſcerit the 


DE to 4p, for the ſame Reaſon. So likewiſe in the 


fame will hold good; as for Example, the Velocity at : is to 


the Velocity at 7 ;: as r 10: tofts rer: t, 1074 ior 


4, 


hy; orft, ort 5: to 
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upon by the Forces 4p. and 4% will go in the Diagonal, 4% with | 
chang d Direction and diminiſh'd Velocity, as we have ſhewn be- 


gonal . muſt be longer than the Dia- 


anal of the Parl. 


9: 56. So the Velocity at /: is to the Velocity at h: as 36: to 
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HxxN cx follows alſo, that at equal Heights above the horizontal 
Line or Amplitude A 7, the Body will have the ſame Velocity; be- 
cauſe it will then be in ahi an Points of the aſcending and 
deſcending Parabola, where the Tangents, having equal Obliquities 
to the Parallels to the Axis, will have equal Parts cut off by 
thoſe Parallels wherever they are equidiſtant. 
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I alfo follows; that however unequal the Spaces be that a Pro- 
jectile deſcribes in equal Times, the horizontal Diſtances (that is, 
its Advances forwards) will all be equal in equal Times; but we 
have already prov'd this another Way. N. B. I don't mean that 
the ſame Quantity of projettile Force will make a Body of Git 
ward equally faſt; for that will vary according to the Angle 
that its Direction makes with the Horizon ; but that if the * 
plitude of the Parabola (or the whole horizontal Diſtance which 
the Body goes thro?, whilſt it deſcribes any one Parabola) be di. 
vided into equal Parts by Perpendiculars; the Body will go from 


one Perpendicular to another in the ſame Tine. 


4. In conſidering the Motion of a Projectile, we have made the 
Line A 2 a ſtreight Line, which would be ſtrictly, ſo if the Earth 
was flat; and indeed ſo much of it as a projected Body goes over 
muſt be taken for ſuch : but if the Force of the Powder, or hat- 
ever throws the Body forward, was much greater ; or the Force of 


Gravity (that is, the Attraction of the Earth) much leſs; then we 


muſt conſider the Line A i as a Curve or part of the Earth's Cir- 
As for Example; Let ABC DEX repreſent: the Surface of 
the Earth, and A F an high Mountain, ſuch as the Peek of Tenne- 
rif. Now if a Cannon was fir'd in the Direction F L, the Ball would 
go forwards in a Curve, for the Reaſons before alledg'd; perhaps 
as far as B, where it would come to the Ground. If the Force of 
the Powder was proportionably greater; it would go as far as C 
before it came to the Ground. Suppoſe the Force of the Powder yet 
greater, and the Ball would go 10.5 :. ſuppoſe it ſtill greater, 7 
| r TT 


* 
* 
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N 
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of the Earth, or to the Height of 24c,o00 Miles, that is, to the Di- 
ſtance of the Moon; then the Force of Gravity (or the attracting 


Force, call'd in that caſe he accelerating: Force, of the Earth) 


would be 3500 times weaker than at the Surface of the Earth; 
becauſe, as we recede from the Center of the Earth, Gravity de- 
creaſes as the Squares of the Diſtances increaſe ; and the Moon being 


5o times farther from the Center of the Earth, than the Earth's Sur- 


face, the Square of that Diſtance 60 is 3600. In ſuch a Caſe there 


— —— 


would be no Occaſion for a greater projectile Force than that of our 


common Powder to make a Cannon Ball circulate round the Earth, at 


the Diſtance of 24000 Miles. The Moon it ſelf may be conſi- 
der'd as ſuch a Projectile; for having once receivd an Impulſe in a 
Line parallel to a Tangent of the Earth, while it is endeavouring 
(by 7 Firſt Law) to keep its firſt (rectineal) Direction, Gravity 

is continually impelling it towards the Center of the Earth, and by 
that Impulſe turns it out of the right- lind Direction of the projectiſe 
Force, and carries it continually round the Earth. Neither can 
Gravity bring the Moon to the Earth, becauſe the projectile Force 
ſtill ſu ſiſting always endeavours to throw off the Moon along the 
Tangent of its Orbit; and Gravity only alters the Direction con- 
tinually, whereby the Moon endeavours every Moment to. fly; off 
along a new Tangent. Thus in every Point of the Orbit, theſe 
two Forces balance each other. 3 5 


moves in à Cirele or am other curse Orbit, to fly .hamheor 
from the Center of its Motion, is calłd a Centrifuge! Forces » 1 1 


s * 


and the Force acting againſt it to keep, the moving Body in its 


Oebit (whether it be the Force of Gravity or Attraction, 


15 8 ? * \ 
# ay 7 Fr09h * 5 * ; 
— . 
9 . * F 1 C 
®.-- N * N * 
i * 


4 * 2. * F 755 53 


e 


MY : Y * 74 
* F N z : 
20 857 
O. | : TV * 
; 2s D 
* ? 


Led. V. or a String, drivin , impellin y tow: 
⁊ the Center of its Orbit) is pling a —— Jann Thus when 
2 Stone is whirl'd in a Sling, the Stone, which endeavours: to (and 
when one of the Strings of the Sling i is loos?d, actually does) fly off 
in a Tangent to the Curve which it deſcribd before, is hindred by 
tlie Strings co fly off of the Sling from ſo doing; that Endeavour is tlie 
dentrifugal Force; and the Force of the Strings holding the Stone, 
is the centripetal Force. By the Force which endeavours to, 
but cannot really, carry the Stone in the Tangent, the String is 
ſtretch'd in a L Ditecion from the Center of the Revolution to the 
Circumference. Let us, for Example, ſuppoſe, that the Body F 
401 24.F. 7. faſten'd to the String M F + is whirF'd round in the Circle EIN: 
PS wh the Body, not held by the String, would have mov'd the 
h FH in the Direction F G by the firſt Law, being retain d 
by _ it moves in the Arc F I, being brought down from 
. to I; te H ine HI therefore may repreſent the Quantity of the 
Centripetal Force directed towards the Point M; and the ri Line 
IM directed from the Point M towards H may alſo repreſent the 
centrifugal Force, both thoſe Forces being equal, otherwiſe the re- 
volving Body would not be kept in Orbit. For tho in Orbits that 
are not circular, theſe Forces may encreaſe and decreaſe (as ſhall 
be hereafter ſhewn) yet they both equally encreaſe and decreaſe, al- 
balancing one another. N. B. The ſwifter à Body moves 
i e Orbir, the more is the String ſtretched, that is, the greater 
it the Cenrrif gal and Centripetal Force. If, for Example, F G 
repreſents the Velocity of the Body inſtead of F H, the Body will = 
Aſtribe the Are EN inſtead of FI; in which caſe the Point N 
(where the Body is) being farther remov'd from the Tangent (at G, 
where the Body would go to by the projectilèe Force alone) the Cen. 
rriperal and Centrifugal Force muſt be en * the Line 
N, aich is greater then HI. 0 
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4 VL. 71 24. ” Fig. + 8. 


6. ABCD is a round Table which may be ſwift turn d 9 — 

* a Kier, as at F (the fame that is repreſented by the 1th 45 

u. and F. 8. of PI. 23.) There is a little Braſs Pipe ſcrew'd in at the Center C 
* 23. into the Top of which the String o che leaden Bullet B is thruſt 55 


ERR out at an Hole i in the Side of the faid ſhort _— 
ence 


1 Cenlugal Force'dinithes. — 


thence it is carried under the Table thro? the Hole 5, and fo faſten'd Left. vw 
to à Pin in the Side of the Table 7 a "W, ben the Bullet f is laid * 
at B, if the Table be turn d ſwifthy ly round - 1 the Bullet be- | 
ind at firſt, which thereby appears to ee Motion contrary t ff.. 
that of the Table, till by the roughneſs of the Surface % the 174. 5 „ 
ble, it goes round at laſt along with the Table on the fame Part of of To 1 
the Table; then if the Table be Rtopp'd on tlie ſudden, the Bulle 
goes on ſeveral turns, till having communicated all its Motion tc 
the rough Surface of the Table, it comes to Reſt at Aaſt. - 
luſtrates the firſt Law of Natute;/ for as the Part of the Fab r 
der the Bullet leaves it behind fol a while; becauſe tt endeavoursto : 
continue in its State of Reſt, it would for ever Jeave it where 11 
was at firſt, if the Table wa 155 tectly [ſmooth : "and Shin the Buj- 
let is once in Motion it would for r go round on the Table, if 
(beſides the ſmoothneſs of the T able) 925 Strin e "that holds =—_ Ball i 


had no Friction at the Center C. It is alſo to 
$ String, which is flack at C, is always/ftretched'gs at nt 3 by: 
Motion of the Bullet; and this Thews the Cenerifugat' Force. 5 45 N 


Ir we ſcrew a forked prop toward the, Edge of the Table ; 
D, and put the String of the Bullet into, its lit ſp as, to let _ ul 
let hang wh as at I, the Force of the Bullet s Gravity, ma 5 | 
overcome by the Centri al Force, which the, whirling 'of 0 15 . 
bei roduces, that the Bullet ſhall tiſe to 2, the Strin 3 4 becom- 
g horizontal: as the T able turns ſlow er and ſlower, 25 Ball comes. 
Aron to 2 and ſo to 1 at laſt, e becoming | K as the 
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e VII. PL. 24. Eig. 1 


Ir a String be tied round the Brim of a Pot full of Water, and Pl. 24. F. g. 
the Pot be whirl'd round ſwiftly about, the Hand or Center Kina 
Circle or Curve of which A'C'B'is an Arc, the Water e 

a Centrifugal Force greater than that of Gravity, will not be 
1 when tlie Mouth of the Pot is downwards. If inſtead of 

e Pot, the Glaſs WC + (Fig. I. containing Liquors of different pl. 24. F. 

ſpecifick Gravities be whil'd roun the Center K, after they have 10. 

been confounded together by ſhaking) they will all recover their 

Places and Tranſparency, , even ſooner than if the Glaſs containing - 
them had been hung up and at reſt. The Neaſon is, that* 35 the 
different Subſtances inthe Glaſs have the ſame Velocity iven them 


by the — Rows, their Momentum s will be as their 7 
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V. fick Gravities, that is, their Momentum will be mad 
different Quantities of Matter, which they contain under equal 


Zup of the 
Bulks multiplied by the common Velocity + which the Centri 


ADRG 2 Nen in the Line K C ir Dm. the Center of the Motion 
towards the Circumference. Therefore the Glaſs Beads among the 


Laquers weighing, more than the Drops of any of the Liquors, 
wil 


have. the greateſt Momentum, and conſequently go to the Part 


G moſt remote from the Center of Motion K. Then the Drops of 


Oil of Tartar (which is the heavieſt of the Liquors contained in 
the Glaſs) having for the ſame Reaſon. more Momentum. than the 
Drops of the other Liquors: (tho? lefs than the Glaſs Beads) will 


take up the Space T next to the Beads, and alſo fill their Interſtices, 


. ng 
Center of Motion and occupy the ſpace W; becaule the | 
all the other Liquors ey more Momentum, drive; it from the 


The next Liquor which is Oil of Peter, will fill up the ſpace P. 


And 890 the Spirit of Wine, whoſe — Are the lighteſt, will 
anding its own Centrifugal Force) deni nearer to the 
e the Beads and 


End C, to which it has a 75 1 all the while. N. B. The Tube 


is hermetically ſeaPd at both En 


The Glaſs Beads, and different Liquors, ſettle in their proper 
Places when the Tube is hung up; becauſe, as all Bodies, tend 


I. I. Ne. g. downwards with the ſame Velocity ,* the Momentum of Particles 


24. F. 1 


ways the ſame. 


are to one another as 4 02. chere 


of equal Bulk muſt be as their reſpective Quantities of Matter in 


their Deſcent: And that the Liquors will not be fo ſoon ſettled 
in this Caſe as when the Tube is whirl'd round, is becauſe we can 


give as great a Velocity as we pleaſe in the Direction K C, by a 
Centrifugal Force; whereas that which is owing to Gravity is al- 
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HENCE it follows, that a Bottle of any Liquor (which after Aa | 


been muddy is by length of Time become fine, and is again made fo 


by ſhaking) may ſooner be brought to be fine by a Centrifugal 
Force, than by being ſet upright at Reſt, 
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EXPERIMENT VIII. PI. 24. Fig. 111. 
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four-Ounce-Ball) and paſs the String thro” the oppoſite Side-Holes of Lect. vi. 
the little Pipe C; let the Length of the String, meaſuring from 
Center to Center of the Balls, be 18 Inches, and the Diſtances of 


the Balls from the Center of the Table be reciprocally as their 


Maſſes; that is, the two-Ounce Ball M muſt be at the Diſtance of 
12 Inches from C, and the four O-unce Ball T at 6 Inches from C. 


Let the two little Squares, or rectangular Pieces S s and V be fix d 


on the Table at the Diſtance of about 1 Inch or 2 behind the Balls 
to ſtop them from flying off of the Table, and the long Sides of 

thoſe Pieces fo fix d alternately, that when the Table is made to turn 
in the Direction mark d by the Dart, the Balls may not be left be- 


hind, but immediately put into Motion. Now let the Table be 
whirl'd round with any Velocity, and the Balls will remain at the 
Points T and M, and deſcribe round their common Center of Gra- 


and becauſe of their contrary Directions) deſtroyi g one another. 
But if either of the Balls be remov'd farther from C than in the re- 


ciprocal Proportion above-mention'd, that Ball will gradually re- 


cede from the Center of Motion and draw the other along with it, 
till it be ftopp'd. by the End of the Piece V or 8 5. So. the Earth 
and Moon turn round one another and round their common Center 


of Gravity as has been already obſerv'd +... 1. N 


32. 
e | 


ExPERIMENT IX. Pl. 24. Fig. 12. : 


Lr the Table be put into an uniform whirling Motion, and that 


Motion continu'd (which may be done by a Wheel and-Pulley here- 


after to be deſcrib'd) and at the ſame Time let a Piece of Chalk be 


drawn. preſſing upon the Table in the right- Line C P, and there 
will by thoſe two Motions be deſcribed the ſpiral Line C DEF P: 
then if the Table be moy'd again in the ſame manner and the ſame 
Way. (as mark'd by the Dart and at-the ſame time the Chalk be 
preſs d on the Table in the fame Line PC, but with a contrary 


Direction, vi. from P to C, there will be deſcrib'd another Spiral 
WF like the former, but directed the contrary. Way, as is ſhewn by 
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vity unequal Circles * in a reciprocal Proportion of the Maſſes, L. 2. N 
the Moment a given the Bodies by the centrifugal Force being e ual, 38. 
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e As, that if ; Body chat hab Aa 'Centri L 


8 Pore 
avherebly it recedes from, or a Centripetal Force, ge y it 


accedes to, the Center of its Motion, at the ſame time be cat. 
Tied round by a Force that gives it à circular Motion; it will i 

from the Center ina ſpiral: Line in tlie firſt Caſe, and run to the 
Senne in a üb in the bang Caſe,” N 


F 
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ExPrntnrnt K Pt. oh 1 13. 


pl 24. F. 13. On A piece of Board 4 E K*, which has a Piece hae it FER 
to raiſe up its broadeſt End A E to an Angle of 15 or 20 Degrees 
| . the horizontal Poſition,” are faſten*d 3 Tubes AK, CK and 
EK, ſhut up at both Ends: In the firſt there is a ſmall Cylinder 
of Cork, which can eafily flide up and down the Tube: in the 
Tube CK there is a little Cylinder of Lead moveable in the ſame 
Manner: and in the Tube E K, there is an Inch or two of Quick- 
ſilver ſhur up. This Board Has a Screw under it, which, going 
chte one of the Holes in the Ta ble (ſuch as are mark d A and 5 
15. 23. ra in Phar 22. Fig. 130 is faſten'd by a Nut fo as yn the 
Board of Tubes firmly to the Table. Then when r Cork, 
Lead, and Quickſilver are in that Part of the Tube next to the 
Center of Motion K; let the Table be whirl'd round, and thoſe 
Bodies will after a few Turns be carried to the Ends of the Tubes 
which are farthieſt from tlie Center, tho? 3 or 4 Inches higher than 
be Ends at K. Put on the Tubes B K and D K, the firſt of which 
being AlPd with Water has a Cork Cylinder moveable in it ; and 
the other has-in' it an Inch or two of! OiE the other Part of 1 it be: 
ing full of Water. At firſt (when the Table is at Reſt) the Cork 
and the Oil will be at Band D the higher Reid of the 1 
fartheſt from the Center; but when the Table is whirPd- round 
tte Cork and the Oil will go'tbwatds the Center to K, becauſe thi 
greater Centrifugal Force of the Water (being greater than eithet 
that of the Cork, or that of the Oil) muſt give the Cork and the 
Oil a Centripetal Direction, as has been ex  lain'd! ing the Experi- 
PL. a. f. ic ment of the different 3 in the Glaſs of 7 28. 10 * 


7, Mon. Des C artes endeavour'd to explain the Motion of the 
Planets round the Sun, by a Vortex or Whirlpool of Celeſtial Mat- 
ter 


9. pr 
* $f 5.23 £ 
: . 


ter; ſuppoſing that the Sun by by turning about his Axis, gave Led. V. 
cireular — * all the Cele a it as 5 25 WD 
Saturn and beyond; and that this Whirlpool of Matter (in French, 
Tourbillon) being without Vacuity (for he aſſerted Plenum) carri- + - 
ed the Planets along with it, and ſo was the Cauſe, of their Mo- 
tion round the Sun. People that did not give themſelves the Trou- 

ble to examine Things thoroughly, beliey d the Vortices to be the 
Cauſe of the Motion of the Planets; becauſe, where there are 
Whirlpools in Rivers and Brooks, we ſee that Straws, little Sticks, 
Saw-duft and other light Bodies are carried round as they float; and 
therefore it was thought very probable, that the Planets might in 
the ſame manner be carried round in the Heavens. But, if we ap- 
ply Experiments and Obſervations to the Doctrine of the Yortices, 
we ſhall find it inſufficient for explaining the Motions of the Pla- 
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ner 

Ix the firſt place, we'll ſuppoſe the Planets to be denſer than tlie 
Matter of the Vortex; and then the ſame Thing muſt happen to 
them, as happen d to the Cork, or the Lead, or the Quickſilver 
contain'd in the Glaſs Tubes, and whirPd round on the Table. 
For the Tubes full of Air being carried round, contain'd part of a 
Vortex of Air, where the Bodies carried init were of different ſpe- 
cifick Gravities, but all ſpecifically heavier than the Parts of the 
Vortex; and thoſe Bodies mov'd round and at the ſame time agita- 
ted by a centrifugal Force did continually recede from the Center 
of the Vortex, going off from it in a ſpiral Line. Planets there- 
fore ſpecifically heavier than the Parts af the Vortex would conti- 
nually recede from the Sun moving off in a ſpiral Line. Since this 
won't do, let us ſuppoſe the Planets all rarer than the Matter of the 
Vortex; and the Conſequence will be---- That as the Parts of the 
Vortex are denſer than the Planets, their centrifugal Force muſt give 
the Planets a centripetal Direction, and ſo make them go continu- 
ally towards the Sun in a ſpiral Line, till they fall into it; after the 
Manner of the Cork and the Oil in their reſpective Tubes of 
Water, where it appear'd by the Experiment that the centriſugal 
Force of the Water gave the Cork and Oil a contrary Tendency, 
N hey continually approach'd towards the Center in a ſpi- 
e e ee TIX „„ 
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IEE remains only now for the Support of the Carteſian Tig 
Potheſin, to ſuppoſe that the Planets are of the ſame Denſity as the 
ene N R r 8 e Parts 
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Lect. V. Parts of the Vortex (and indeed, if there was a Plenum as Mon. 
De, Cartes ſuppoſes, all Bodies muſt be equally full, and there 
wWou'd be no ſuch thing as different ſpecifick Gravities for all Bodies 
Fl. 24. F. 2. of the ſame Bulk, having the ſame Quantity of Matter, woud 
weigh equally) and in that Suppoſition it will follow that the Planets 
Ly making up Part of the Vortex itſelf will move along with the Parts 
| of the Vortex next to them; and tho' at firſt thoſe Parts of the 
Ann. 2. */ortex which are neareſt to the Sun will move faſteſt ; * yet at 
| laſt, the whole Vortex will move round like a ſolid Body or Sphere, 
the Parts moſt remote from the Center making their Revolutions 
in the ſame Time as thoſe which are neareſt; which muſt be the 
Conſequence of a Plenum. 'So that all the Planets wou'd at laſt 
have Bowe eriodical Times equal, which is contrary to Obſerva- 
tion; for the periodical Times of the Planets Revolutions are all 
different. Mercur), the neareſt to the Sun, performs his Revolu- 
tion almoſt 120 times ſooner than Saturn, the moſt diſtant. In a 
word, this is the Proportion of their Diſtances and Revolutions, 
viz. The Squares of the Periodical Times of the Primary Pla- 
-mets round the Sun, and of the Satellites round Jupiter and Ja. 
turn, are as the Cubes of their Diſtances from their reſpectiue 
+ Ann, 2. KT e OO OP gEL be ME OR 
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e. Srxcx then the Carteſian Hypotheſis is inſufficient for explain- 
_ - ing the Cauſe. of the Motion of the heavenly Bodies; we muſt 
= -ſhew what is the real Cauſe, and that not from Conjectures, but 
from Obſervations and Experiments. That Gravity or an Attracti- 
on towards the Sun keeps the Planet (or even the Comet) in its 
Orbit about the Sun (and likewiſe the Satellites a bout their Prima- 


central Forces by the following E 
But we muſt firſt deſcribe the 


periments. 


4 &©. * x 
4 „ 


4 
* 
% 


* 


Pl. 25. T.. TE Machine for central Forces conſiſts of a ſtrong wooden Frame 
5 CAB DHGKE FF triangular at Top and Bottom. On the et 


. 0 


Ton SW WS WOW. WR 3 


Iwo Pieces MN, u (Which we may call Planer-bearing Pieces) 1 85 
of about 30 Inches long, to be ſcrew'd upon the Pullies K, H, fo as 


the Towers till the Weight- carrying Piece ſtrikes the Top of the 
the Planet- carrying Piece, paſſing thro' the Two perpendicular Brass 


one of the Wings and one of the Wires is here drawn upon each 


Taz Second Figure * repreents ſomething more than half of one pl. 25 F. 2. 
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zontal Piece G a at Top is a Wheel G, which (by means of the Le&. V. 
String GK HG) when turn'd round, gives circular Motion to the ͤ 

, - 1 h ich ich Fl. 2, F. 
Pullies and Spindles K L and H I, ſo as to move them either Witn 
equal Velocities, or with Velocities that are as 2 to 1, as T0 1, 
or as 3 to 2 ; becauſe in the Pulley K there are Two Grooves,” One 7 
of 2, and One of 2 Inches Diameter ; and in the Pulley H there are 7555 
alſo Two, One of 6, and One of 3 Inches Diameter. There are 


"If 36-48 
4 


to turn round with them. Theſe Pieces have each of them an open 
ſquare Tower 8, s, with a little Pulley at Top and Bottom to con- 
duct a String from the Weights S and , to the Braſs Balls P and p, 
(which we muſt here call Planets) ſo that when P and p go to- 
wards N or 2, the Weights are drawn up from their Baſes, which 

is about an Inch above the Bottom of the Towers, and riſe within 


Tower; each Ball having Two little Wings with Holes in them to 
ſlide eaſily along Iron Wires that go from one End to the other of 


Planes M and N, alſo thro? the Towers at about the Diſtance of f 
an Inch from the Surface of the Planet-carrying Piece. N. B. Only 


Piece to avoid Confuſion. There are alſo Braſs Collars at H . 
K, in which the Necks of the Spindles (which are of Steel) turn; 
and Iron Screws headed with Braſs at L and I, with little Holes to 


receive the Bottoms of the Spindles. 


of the Planet bearing Pieces divided into Inches botli Ways from the 
Center. B 1s the perpendicular Braſs Plane at one End, thro? 
which the horizontal Wires Wu, W paſs, to carry the Planet 

P by its perforated Wings LL, whilſt the String that goes thro* = 


the middle of the Planet is made faſt; by thruſting in the little Pin 
5 to give the Planet any certain Diſtance from T the Center of its 
Motion before it is mov'd round by turning the Wheel G (in Fig. 
1.) 8 repreſents the Section of the Braſs Tower faſten'd to the 
Wood by a croſs Pin, whoſe Head is ſeen at 7. T is the Baſe or 
Plate which is to ſupport. the Weight-c 
preſented at (Eig. 4,) f and conſiſts of a circular Plate and hollow + pl. 25. F. 4. 
Stem of TVN) Ounct 4 


ying Piece, which is re- 
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5 75 f ? ba 1 0 | has 3 EZ 4 CSS 
; e 5 „ / SE. D 8 ral 
* Y 4 33 4 3 7 LY 
f A e 7 * #4 ** * 4 ; ; 


| by N 
* # OT * 3 : »% 8 * 7 * 1 9 {4 Z 2 
# Tet 6 +3 Wa = $5 « "> 
„„ . 3 x ob ; 3 2 * * 1 5 " 
; 2 4 


Nee 5 — 225 0 = WTI £ 
F ES DS DV i 1 E , 5 
» ay — TE L D 2 Ms — 8 ** 
- p O 8 8 e 7 
i bo y 6 l N >) , : n 1 
988 8 D - I ER 8 NS ll * _ 
AI Wa - J 3 — 1 MEI 5 n = a - by a 1 
© La . 8 y \ xs rs — — ME 8 1 ä 
8 F 5 N — 81 3 = fy . ry =_ 
= \ 3254 E ** . 1 
od ooh ond bb PS | 
on — N a et rg. ade, ws rt ” P 8 4 2 
— — — 8 ; 4 . 
Bec "BY 2 = * N n * N * . * 
0 * * n . * N 4 — . . 5 
I : * N CHAS * 2 © RS a A 3 4 I3z 
* 4 
5 4% — 


Gt Ge Aer — r 6 - r I 5 
2 35 LY = ic ett EY, 
re Se iS rm, * * 2 
— . 2 
bps. EE Is Tn nt an n * 
n er, Thi — ron tA. —.— — —ä 
"ANDY is 8 N — i 1 4 
” P * » 5 7 
5 - . o 
— £ SSrMeaboant fe. . 
I W 3 * n « 
9 


4 / b Fl # . : 1 

1 a 1 ; 2 10 . 

« . id $ 5 + a N ; 5 : . | . N . 2 * 0 

. * 6 . jr | ; ; 1 

: 6. Mas 8 - a : 7 4 4 
o , ES 4 £9t os 4 %# 3 r 
1 K . a * 


Lett. V. ral leaden Weights like X Fig. 3 * At T alſo (Fig. 2.) may be ſeen 
the little Pulley under which the String goes. 


Fl. 25. F. 5. 


1 Fl. 25. F. 3. TRE gd Figure + is a vertical Section of one of the Square Towers 


8 with the Weight X and Weight-carrying Piece X x in it, and 
Part of the 8 Piece, Pulley and Spindle under it, 
mark d MN. One little Pulley is faſten'd to the Wood at T un- 
der the Plate on which the Weights ſtand; another is ſuſtain'd by 
an Iron Arm VS over an Hole 8 in the Top of the Tower. $0 
that the String coming from the Planet P goes firſt under the Pul- 

ley./T, then thro” the hollow Stem of the  Weight-carrying Piece, 
and fo thro? the Hole in the T oP of the Tower, then over. the Pul- 
ley 8, ſo down again to the Top of the Stem of X where it is 
faſten d. By obſerving. this Figure, one may eaſily ſee wee , 54 
Weight 


Planet P be mov'd ever ſo little in the Direction P Q, the 
bearing Piece X will be raiſs d up towards v. 


. 4 


1 
TL Bw 


Pl. 2; 1. Tur whirling, Tahle which we have 1 mention d for 
4 F. g. 11, making ſeveral Experiments is beſt turn d round by ſcrewing on to 


24. F. 8, 11, 


F 
LA @I3*4 


12, 1. the Top of either of the Spindles L K or 1H, inſtead of the Planet- 


aring Piece MN or mn. 


Tux ſixth Figure * repreſents the Section of the Wheel and Part 


s 
1 

* 
4 


«PI. 26. F,0- 
of the horizontal Piece, the upper Part of the Frame which car. 
ries the Wheel, and the upper End of the Piece that ſupports it 
mark'd L LL, the Wheel's Axis and ſquare-ſliding Collar g, which 
is moveable on the ſquare horizontal Iron HI faſten'd to the Wood 
by a Nut and Pin at I, and two Wood-Screws H h. N. B. There 
if .a Screw in the ſliding Piece g to fix the Center of the Wheel, 


when it is brought forwards or backwards. 


7 HO' it be of no Conſequence of what Bigneſs the Machine above 
deſeribd is made, provided its Parts are proportional; yet ſon 
zie fake of thoſe who would have. ſuch 4 Machine made, I gi 
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 'MN=mn=30 Inches. 
KH'33.6 inches: 
KL=IH=8r5 Inches. Te 
AD Zier 7 7 7 4 
 AC=CD=27.2 Inches. 
Diameter of the Groove of the Wheel G = 14 Inches. 
| Breadth of the Planet-bearing Piece MN or m = 213 Inches. 
Grooves of the Pulley K, the one 2 and the other 3 Inches. 
Groeves of H, the one 6 and the other 3 Inche. 
The Height AK == HD= ig chess. 
Height of the Towers 8 or s above the Board MN, 92» 518 In- 


4 


Breadth of the Towers 213 Inches. 


There are 4 Braſs Planets made uſe of, Two of which weigh 


each 2 Ounces Troy, and the Two other 4 Ounces Troy each. 


The Weight- carrying Plate and Stem weighs > Ounces, and 
each leaden Weight (as repreſented by Fig. 5.) weighs 2 Ounces 
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Tre Weights in each Tower are to repreſent the Sun, whoſe 
Attraction is ſhewn by the Force with which the Weight reſiſts the 


Action of the Ball P or p (repreſenting a Planet) that endeavours 
3.) When it receives a f Pl. 25. F. z. 


to raiſe it by the String PTS T (Lig 
centrifugal Force by turning the Wheel G. So that by putting 
equal or unequal Weiglits in the Towers; by uſing equal or un- 
equal Planets as P, or p; and by having their Piffancde equal or 
unequal in different proportions; and the Periodical Times equal 
or unequal (as the Wheel. String goes round equal or unequal Pul- 
lies) we oy by Experiments ſhew thoſe Laws of central Forces, 
Iſaac Newton has mathematically demonſtrated in his 


” „ 


Ix conſidering the central Forces of Bodies (for Example, of 


W the Primary Flanets in reſpect of the Sun, and of the Moons in 
Y *<ſpctt to their Primary Planets) Which move round other Bodies 


we are to obſerve Three 


Matter in 


Bodies perform their Revolution. 24%, The Quantity of 
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A Courſe of Experinienal Philoſophy: = 


Left. V. the revolving Bodies, 34h, The Diſtance of the Bodies from the 


Center of the Revolution. | 


ExPERIMENT XI. 


FIRST, make the Periodical Times equal, by putting the Wheel 


String into the 2 Inch Groove of each Pulley, croſſing it before each 


Pulley to give it the more Force to move the Pullies, but ſo that 


the Fullies may both turn the ſame Way that the Planet-bearing 
Pieces may not unſcrew. Then put only the Weight-carrying 
Piece in each Tower: and laſtly, faſten to their Strings a 2 Ounce 
Braſs Ball, as P and p, at the Diſtance of 12 Inches from the Cen- 
ter on each Planet-bearing Piece. So you will have he Periodi. 


cal Times, the Quantities of Matter, and Diſtances from the 


Center equal. Give circular Motion to the Wheel G, and the 5 
Planets by their centrifugal Force will raiſe the Weights S and? 


at the very ſame Inſtant of Time; which ſhews, that zu this Caſe 
the centrifugal Forces are equal, N. B. If upon each Weight. 


carrying Piece you put on one or two, or more equal Weights (futh 
as are expreſi*d by Fig. 5.) the Planets will always raiſe them 
at the ſame Inſtant, provided the Wheel be turn*d proportionally 


faſter as there is more Weight. 


5 3 E x P ERIMEN T XII. 0 7 


. 4 1 
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+... SECONDLY, Inſtead of 9 cnt a 4 Ounce Ball, and double the 
t 


Weight in the Tower 2%; 


(37241 : en turn the Wheel, and both Weights 
will riſe at once. This ſhews, that when. the Quantities of Mar. 


ter in Planets are unequal, but the Diftances and Periodical 


Times, fill remain equal, the centrifugal Force is 'propor tional 
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EXPERIMENT XIII. 


| TaixDLy, Take off the 4 Ounce Ball, and make ſe of b again, 


but put it only at 5 Inches from the Center. Take the additional 
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it is plain, that zf che 
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Weight from o and add it to &; that is, let the Weight 5, which 
has P at 13 Inches Diſtance, be = 4 Ounces; and the Weiglit , 
Which has p but at 6 Inches Diſtance, be = 2 Ounces: then upon 
turning the Wheel, they will both riſe at the ſame Time. . Hence 


Periodical Times, and the Quantities of 
7 © Matter 


* 
A 
_ 
— 
4 


925 
= 


— 


FEA 


JS SY W's %Y SY an” 6 


F 


| 


TTV i . 
oF „ Gy 7 . 3 


FF 
„„ 


. 
* 


3 


n F . 7 
JJ TIED WOE e9S wy RE TE AIG 13520 
Ee al ek ne ie ADS! 2 oe RS 

. 


F 


NN En OA 5 5 EDS ELL 
C 


centrifugal Forces will be as the Diſtancec. 
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t of Bebel PEB 3% 
Matter continue the ſame, but the Diſtances | are different, "the Led. v. 
5 FI. 2. 5 


© EXPERIMENT XIV. 
FouRTHLY, at the Diſtance of 6 Inches, where p was laſt, 
change 5 for a 4 Ounce Ball, and put equal Weights in the Two 
Towers; then when you turn the Wheel, both Weights will rife at 
once ; which ſhews, that when the Periodical Times are equal, 
and the Diſtances from the Center reciprocally as the Quantities 
of Matter in the Planets, the Centrifugal Forces are equal. 


„ „% 95'S © 4 3 5, Apa 


LasTLy, Change the String on the Pulley H, putting it into the 


| Groove of 6 Inches Diameter, ſo that the Periodical Time of the 


Planet p may be double that of the Planet P, which laſt will then 


move twice as faſt, if its Diſtance be the fame from the Center, 


which it muſt be in this Experiment. Put 8 Ounces in the Tower 


| SQ, and only 2 in the Tower £9, the equal Planets P and p be. 
| ing then each at 12 Inches Diſtance from the Center. Turn the 
| Wheel, and both Weights will riſe at once. This ſhews, That 


Plattets,/ that have an 115 Quantity of Matter and the ſame Dif- 
tance from the Center, but different Periodical Times, have their 


4 


| centrifugal Forces reciprocally as the Square of their Periodical _ 


= Times; that is, directly as t e Square of their Velocities. 
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HEN CE follows, that if the ſame Planet changes in Velocity W 


W the ſame Orbit, its centrifugal Force will encreaſe or decreaſe. ac. 
| Wy cording to the Square of the Velocity which the Planet las in 
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WHzn we compare the laſt Experiment with the 13th Experi- 


W ment, and find that the Planet (7 going round in a Circle of 12 In- 


ches Radius at the ſame Time 


t P went round in a Circle of 6 


| Inches Radius,) rais'd twice the Weight becauſe it had twice the 


Velocity; it will appear ſtrange, that in the laſt Experiment, where 
Ge peg 7 (going 


Lect. V. % (going twice thro' a Circle of 12 Inches Radius, whilſt P goes 
FN — ſuch a Circle) has but double the Velocity of P, it and 
now raiſe four times more Weight. But this Proportion (which 
is of very great uſe in explaining the Motions of the heavenly Bo. 
dies) will be very clearly deduc'd from a Conſideration of the Firſt 
Law and what we have faid upon it, 


4PL 24. F. 7. RounD the Bod ſuppoſed at M F (Plate 24. F ig. 7. or the 
5 Center M, let a Planet revolve in the Circle FIN; it is plain, that 
Ven it deſcribes the Arc FI, its centrifugal Force is repreſented 
by the Line HI: then if the ſame Planet be ſuppoſed to deſcribe 
the Circle Fin of double the Radius, in the fame time, it is evi. 
dent that it will have a double Velocity, and conſequently will de. 
ſcribe the Arc / in this Circle in the ſame Time that it deſcribed 
FI in the little Circle; fo that now ga, which is double of H I or 
_ hi (becauſe the FRE Fg Mand FH M as well as the Arcs f» 
and FI are ſimilar) will repreſent the centrifugal Force to be dou- Þ 
ble of what it was in the little Circle. But it, inſtead of going in 
the great Circle, the Planet doubles its Velocity by going twice 
round the Circle FI N in the ſame [Time that it went once round 
before, it will deſcribe the Arc FN, of twice the Number of De- 
grees, inſtead of FI; and as the Arc FN (tho of the fame Length) 
is twice more curve than f n, the Planet at N will recede fromthe 
Tangent twice as much as if it was at 2, conſequently four times 


"36, 14k 


L 


as much as when at I with half the Velocity. Therefore the cen- Ml 
trifugal Force at N: will be to the centrifugal Force at I:: 
GN: to HI; or as 4: tor. C 

N. B. This holds good only in ſmall Arcs, as FI aud F N art 


Juppos'd; but then it is only to be conſider d in ſuch. 
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5 
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Iuexx are many more Experiments relating to central Forces 
to be made with this Machine; but theſe are ſufficient for our pre- 
ſent Purpoſe. However, for the ſake of the Curious we {ball men- 
1 Aun. 3. tion a few more in the Notes. T 5 | 


on at the Rate of one Rod in a Second, it receiv'd an Addit 
Force capable of making it go alſo a Rod in a Second, and conſe- 


wing Force. impreſſed 5 and is made in the. ag a in 
W that 1 is N | 


{Þ 


a any as generates a 2 A "Joes Force will generate 


4 the Motion, a triple Force triple the Motion, c. whether 


that Force be impreſs'd all together and at once, or r gradually and 


ſuccefſively. And this Motion (being always directed the ſame 
way with the generatin ; Force) if the Body moy'd before, is added 
to or ſubtracted from the former Motion, according as they di- 


rectly conſpire with, or are directiy contrary to each other; or ob- 
liquely joyn'd when they are oblique, ſo as to produce a w 2 
tion We e form the Dane of both. * m b 


11. Ler the Body A* receivean in Impulſe in che D 1 


ſo as to got thro? any determinate Space in a determinate Time; as 


for Example, the Space A B or one Rod (16 7 Feet) in 4 Second 
Minute of Time. The Body will, according to the firſt Law, by 
| Virtue of the Force impreſs d, go on uniformly thro? the Spaces 


AB BC, CD, PE, EF, FG, GH, HL IK, KL, &c, ſoas to de- 
ſcribe each of them (ſuppoſing them all 


equal) in a Second, and ſo 
on in infinitum, Now when the Body is in Motion, if the fame 
Force that acted upon it at firſt, or one equal to it, ſhould act up- 
on it again in the ſame Direction, uhen it is at B for Example, 
then would the Body be carried thro? a double Space, viz; the 
Space BD, in a ſecond, and ſo thro DF, FH, HK, Se. in every 
Second, that is, with double Velocity ; becauſe, Whilft it was g in | 
on 


ently that Addition of thoſe two Forces that conſpire give - 2 
ody à double Velocity. If the Body 
had received the Second Impulſe by a Force double of the firſt 
Force, it would after that Impulſe go on in each Second thro the 
Spaces B E, E H, HL, S. that is, with a triple Velocity. If af- 
ter receiving the Second Impulſe with a Force: equal to the firſt, 
while it is going on with double Velocity (for Example, thro' the 
Space B D er DE, dee. in a . it ſhould receive @ thurd — 
pu 
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Lea; V. pulſe ({till 


erimental. Philoſophy 
ion) equal to the firſt, then it-would go 
from D to G, and ſo on from G to K, 1 of Time, 
that is, with a triple Velocity, after three equal Impulſes, juſt as it 
would do after two unequal Impulſes in the Proportion already ex- 
Jlain'd : as it would alſo do if it had recerv'd but one Impuls at 
rſt, but three times greater than we then ſuppos de. 
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12. Ir, whilſt the Body by the Force impreſs'd is (by the firſt 
Law) going on uniformly thro'-the Spaces AB, B C, Sc. a Force 
equal to the Force impreſs d ſhould act upon it in the Direction 
Motion. But if this laſt Force ſhould only act upon it after it had 


| receiv'd ſeveral Impulſes according to the firſt Direction, it would 


only, deſtroy ſo much of the Motion as its on Quantity of Force 
would be capable of producing: for Example, if the Body, after 


three Impulſes, was going on thro the Spaces D G, G K, Sc. that 


uniformly with that Velocity, juſt as if it had receivd but two Im- 


ons, one in the former and the other in the oppoſite Direction; thoſe 
Forces would deſtroy each other, and the Body would 81 on uni- 
thoſe Impulſe 
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4 


in the Diagonal 


1 


1 : 1 1 
E Y of. the Parallelo ain e E. £ ® F 47 1 N Tr r Dr fon F 
= $-S - 57 : 5 2 2.735.804: ws 1 ; $5 E? 4. WES HS | 43 ik *- 1 1 2 7 72 bw. FI 4 4 Mp 
— F x 3 1 W j | 9 
| * ON F 5 1 4 % * d 
:% # 7 . 1 * 8 4 i F I WM 1 Fi 
: 1 F EM ad 1 3 N 9 n F | 


| 1 
Er een "v7 
ayer 33S X , 83 * 1 5 * 


f 
a 
TAY 4 * * 3 * „ * 1 
ON * { 4 8 1 n f * a N : ; ＋ 
% * 8 4 ; OY . 4 r * 21 * * a 
N 3 7 7 4 x q 5 3 
, 75 = F 1 \ ” Ft . y 9 * 4 5 ** Fay 7 2 — F 4 
* ” 4 4 * * „ bl 4 * 4 - : & L * ** k 
Rl ö 1 bow c * N . * 0 * * 4 F e 1 3 . # 7 2 l 4 "= N 5 a 3 
F p 4 * 
% R 4 " : 1 
{£68 Ti | | 
| 7 WO * , 
1 ? » 4 
A 


vs g 5 * 
. 2 J 1 
„ 55 EF? | 
1 „ 
5 „ * 0 8 
"+, Fi 1 2 F 3 
* W Fg F 1 * v 35 i "IO ry . $77 Tk 1 3 4 4 Y 
£ # * 
” : 7 2 * I of 7 


9 | Io f 1 8 1 74 | : 
1 „ 8 +» ot we & * g $i * . 4 70 * 3 Þ af * N N % 4 
. 


Henn 48 2 ut k Et ie e of the ese oe be 
What it Will, if it acts at at right pe, the Velocity” will be gies.” 
ter than if the Body had continue its firſt rectilineal Directi- 
on; becauſe (as has been ſhewn J the Body by the Action of the f L.; 

two Forces deſcribes the Diagonal in the ſame Time as it would 3 5 Page 

have deſcribed either Side of the Parallel ram by the {in le Agi-** 757: 

on of one of the Forces; and in the Paral egal E e, EV Bf 

the Diagonals are longer ming the Sides, as they Abend. the 

right (that is, the biggeſt Angles) of the rectangular Triangles 1 
FE oy EF/; and E H f. * N. B. When we make uſe 9 19. 1. - 
Words the Force impreſſed, or the innate Force, "we mean theFud. 
Force which the Body has when it it in Motion, without ron. 
faering what firſt gave the Motion: That is, fs we mean ond ſame 
A hat Str Tlaac Newton calls Vis infita. eee, 
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AN . alſo, that if the new Forte acts at zeute e Age, 

15 Effect will be more conſiderable the acuter tlie Angle is; but it 
will never encreaſe the Velocity of the Body ſo muth as if it acted 
at no Angle, that is in the fame Direction. For Example, ſuppo- 
e Force equal to the Force impreſs d, and its Ea 1 

e in the Line Fg, G F/ gwill be the acute Angle made by 10 Ff 
two Directions Now it is evident, that ther leſß the Angle G 3 
is, the greater will be the Angle E G g, and conſequently the pl. i e 5 
gonal Fg (expreſſive of the Body's Valoci ty) which ſubtends that. „„ 
Angle will alſo be greater: but whilſt 724 is amy acute Angle, . 
at F there will bean obtuſe Angle at G, and G Eg wil be a Triangle 
in which one ſide F g will ly be lels than the Two other Sides 
FG and G, 4 which are equal to the Two FEG and GH Was 15 
which the Body goes,, when the Two Fo orces act in WE: Ha, ol 5 
rection, in the me Time. e | 
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Ir abe likewiſe, that the new Force may act uf —— Zo ; 
in ſuch'a Direction, that tlie Body will not be Acer e thereby; 
nay ſomet times retarded.” For E the new Force neither * . 
| $1.25, | es gals With | 


4 Fil 


rections, nor acts at right 
velocity tho? in a new Direction, nay even go flower when the 


new Force acts at obtuſe. ' Let; us, for Example, « Jappaſe 


in Motion is at K, in the Direction E k, fo that the obtuſe A 
I. Kk may be of 20 Degrees : then will the Diagonal K | of the 


. Farallelog 8 KkIL be equal to the Side KL. deen 4 ad 
Kk lare . Triangles, and therefore the Body will 


ing as Wwe 


for Example double, the Body then (ſuppoſing the Angfericf” A 


Bo Example zo Degrees more, ſo as to become LK 3, 


2 * 


Left v. with the Beck impreſſed, by n at acute * with its Di. 


25 with it; the Body may keep its 


the new. Force, equal to the ] orce 1 to act when the 


have ee Velocity as before. ut if (every thing elſe remain- 
ave ſuppos d) the 2 Force ſhould be leſs than the 
Force impreſs d, as for Example, o 7 wand to half of it, the Ve-. 

7 of the Body would be dimini for then K 4 would re· 
preſent. the new . x K / would be the Diagonal of the Pa- 


RR and K falling from 
E one Angle of an equilateral Triangle upon the Middle of its 


oppoſite Side would be ſhorter 2 of 528 Sides; therefore, 


Sc. If the new Force was more or lef s than half in any Propor- 


tion, the Velocity of the Body would indeed be leſſen'd, but not 
ſo much; for then the Point / would fall between L, or 3 
21, and in any of thoſe Caſes the Diagonal would be longer than 
K / becauſe K I is perpendicular to Ll, and the ee 
be obliqueto i it, therefore longer, tho? {till ſhorter than Side K L. 


Ir the new Force had been greater than the Force im preſſed, 


nication: the es would encreaſe its Velocity by the Action ef 
it, for the new Force being repreſented by K, the Diagonal or Velo- 
ty would'be K 2 longer than K L. But then if the Direction of 
this} Ster Force ſhould be more oppoſite to the Direction of the 
impreſs d, that is, if the Angle LK r ſhould be encreaſed, 5 
ther the 
7 4 5 not change its Velocity with its new Direction, be- 
in the Diagonal K k, which is equal to K I. 


| Nay , 1 the Aue of Application ſhould be' reater than K E g, or, 


of more than 150 Degrees, the food Body-would be di- 
miniſh'd, the new Diagonal becoming ſhorter than K K k. 


IE the new Force was only equal to the Force peel and its 


Direction K 4, that is, if the Angle of Application ſhould be of 50 
Degrees, the Velocity of the Body would. be diminiſh'd by half | 


e * then IP half of K 1 S&H bea 


CG 
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ic ſubtends the Angle K I. 5, Which is but half of the Angle K LL Let, V. 

N. B. Knowing the Angle of Application and Quantity of tb J 
new Force, we may always know what will be the Velocity of the 5 Ber _—_ 

' Budy after the Action of the new Force; becauſe the Diagonal RR 

that ſhews it, is always known ;, as it is one Side of a Triangle, 7 

in which Two Siges repreſenting thei two Torces are given, and 


7 


＋ 


the Angle between them, aud conſequently the 3d Side, f unhirh it + By 55 and 
the ſaid Diagonal. The Angle known does always contain tue Fucli. 
Number of Degrees that the Augie of Application wants I, 
1e. Thus in he Triangle K K L. where K I. and LK CK 
repreſent the Forces; (berauſe of tb Parallels K 3 a f / 
he Angle KL k is equal to 1 K 3, which L K 3 wants of 180 By 29. 1. 
Degrees; and conſequently the Diagonal K k, which fubtends thay Euclid. 
Al,, , | 
= 14. IT has been obſery'd that when a Body falls during one See. 2 
cond of Time, it goes thro? a Space equal to-16 + Engliſn Feet, ' . = 
one Rod, as we have already mentioned: ** therefore the Force in- I 


+ 


4 
/ 


101 
reſſed by Gravity at the Beginning of its Fall is capable of making 

| 2 FR = 3 at the Rate of one Rod in a Second, 4 thy f By the firſt 

tit ſhould act no longer upon it than during the firſt Second; that 1 >" : 

is, tho? the Body ſhould for ever after ceaſe to be heavy. Por ex- 

8 ample, if the Body A * falls thro? the Space A B during the firſt Pl. 25. F. s. 

= Second of its Fall; if then it ſhould ceaſe to be heavy, yet it would —@ 

go thro” the Spaces equal to A B during all the ſucceeding Seconds 

of Time, viz. thro the Spaces Be, e D, De, ef, FG, Gb, 5, 

16 L, Sc. But as the Body does not ceaſe to be heavy, we muſt 

conſider the Action of Gravity as an Impulſe given hy à new Force 

| W firſt, acting downwards, when the Body is got to B 


3 Z 
= 


e 

at the Beginning of the 2d Second, and the Body during the 5d: 
Second will go thro? the Space B D double the Space A B, or equal 
to the Two Spaces Br and c D. Then if the Body ſhould ceaſe 

to be heavy, it would @ uniformly thro': the double Spaces D 5, 

Fh, &c. every Second; but Gravity acting upon it alſo at the Be- 
ginning of the 34 Second, when it is at D, ſuperadds a Force able 

to make it go throꝰ a Space equal to the firſt A B in a Second: 
conſequently it will go thro? 3 Spaces or Rods (or thro? a' Space 

D G 1 5 to 3 Rods) the 2d. Second. At the Beginning of the 
fourth Second, Gravity acting by a fourth Impuſſe ſuperadds a 

Force equal to the former, Whereby it will go the Length GL, 
* Bodies in reality only fall 16 Eng lilli Fett and ont Tenth of a Hor in a Second ; but aur call that + 

Space here 16 and a half Feet ; ee, aue Rod (which is a Meaſure of 16 and a half Feet ) gives us 
b a Number a; to avoid Frattions in the Examples of the Calculations that aue give. 


2 . 


322 


{| > Ss. 


Hr ningand End of every Second or ſmall Part of Time. 
I. 25.F.9. h 


the Times and Velocities by equal right Lines, which he joyns at 
right Angles ; and then joyning their other Ends by a third right 


_ +» Tris Motion of a Body thus accelerated in its Deſcent x 4 
the real Motion of falling Bodies, if Gravity acted by Intervals, 
as we have only ſuppos'd, it helps Conception: But as Gravity ne- 
ver ceaſes to act, we muſt fill up the Intervals between the Begin- 


Body not only receives an additiona . to carry it to d in. 
| ſtead 4 the 2d Second a 


e, (b. bs and i K during the Time of that zu Second. 


11.1. No.8. celeb. 


Gravity on falling Bodies, may be 


Reſiſtance, as we have {#id) encreaſe their Velocity in falling ac- 


Ws. 


As 


"as | 3 1 5 : Se $4 A EY | 1 * a} 
Let. V. that is, four Rods or Spaces the fourth Second: 


Is {and f 
his will be a Motion uniformly accelerated. - 


'g 


4 „ . 
5 * i 1 
. d 55 
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KS f 


us, if we conſider the Body falling thro the Space AB (Fig 9.) 
in the firſt Second, we muſt not onſy conſider x" ſuperadding 
a Force capable of making the Body fall one Rod farther at the 
Beginning of every Second; but alſo during the Time of every Se- 
cond. For Example, at B at the Beginning of the 2d Second, the 


of c, but alſo during the Time of the another Im- 
ulſe which makes it go to E inſtead of 4; fo that the Body wil 
Il 3 Rods during the 2d Second. ' Likewiſe at the Beginning of 

the 2d Second when the Body is at E, it will again receive from 
Gravity one Impulſe at the Beginning of that Second, and another 
during the Time of it; ſo that it will go thro*.the Five "1 es E h 

Son 


„ 


go thro? ſeven Spaces or Rods from K to R, and ſo on, the Number 
of Spaces deſcrib'd encreaſing by two every Second; that is, ac- 
cording to the Series of the odd Numbers 1,5 57 9, Ge. = 


5 * 
I. * _ | BE: 


the Time of the 4th Second the Body will (for the fime Reaſon) 
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TFT. 1 I 6 N marh 6 e wo . 
I IIIs is the true Manner of Bodies falling Within accelerated Mo 
tion by the Force of Gravity, abſtracting from the Reſiſtanch of 
Air, Which we ſhall hereafter take into Conſideration. N. B. A. 
Bodies fall equally fwift where there is no Air, as has bein 
prov'd by the en 7 2 Piece of Gold and a Feather fall. 
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ity o | emonſtrated another way at- 
ter Ga/z/z0's Method, thus. As Bodies (abſtracting from the. A ir 


cording to the Time during which they fall, Galilæo repreſents 


Lune, makes a rectangular Triangle of which this laſt Eine is the 
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+ Pl. 25. F.. 
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ry it thro” a double Space in the fame Time, if Gravity Thould 


it, Gravity ceaſing to ack, it receives no Addition to its 1 1 


Velocity will not be repreſented by the equal Line C U, but by BR 
the Line C 4 equal to BV the Velocity the Body had when u 
ces the Body has gone thro in the Time B C = A C with an uni. 
Velocity of the Body, and we ſhall have the Rectangle BVC K cen. 


run thro" by the Body moving with an equal Motion in the Time BC # 


had continued to encreaſe ſo as to become E ux at the End of the Time 


CU containing 12. 
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17 Wen likewiſe, as a Conſequence from what has been ſaid 
hat when a Body has fallen thro? a certain Space by a Motion uni. 
formly accelerated, it has acquir'd ſuch a Velocity as is able tg car. 


ceaſe to act, or have its Effect any way deſtroy'd, or if the Body's 
Direction ſhould be chang'd from a vertical to an horizontal one, For 
Example, when the Body in the Time A B +, falling thro a Space 
repreſented by the Triangle A V B, has acquit'd the Velocity BY; 


tho? it continues to fall during the Time BC= AC, fo that the 
whole Time mult be repreſented by the whole Line A C; yet the 


ceas'd to accelerate its Motion; therefore to know how many Spa- : 
form Motion, we muſt multiply BC by CE BV the unchang' 
taining two Triangles equal each to A VB: that is, two Spaces willbe 


equal to the Time A B in which the Fry deſcrib'd only one * Z 
by an accelerated Motion. Solikewiſe, if the Body having fallen thro 
4 Spaces during the Time A C, and having at the End of that Timeac- We 
quir'd the Velocity C U; the Velocity be no more encreas'd and 

e Body continues to fall during the Time CE=A C, it will fall 
thro” 8' Spaces inſtead of 12 that it wou'd have fallen if the Velocity i 


CE; but as it is then only Ee, equal to V C its Valery, at the 
Beginning of the Time C E, we muſt multiply-C E the Time by 
K Cor E e the uniform Velocity, and then we {ſhall only have the 
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2 t Tais will become viſible by changing the Direction of the mo- f 
ving Body from a vertical to an horizontal one, for Gravity acting 
ee e will neither accelerate nor, retard the Body in 


. NB. Tut manner this ue jh4' 
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Time, ſuppo | 
cent (or juſt beginning) at A the Beginning of the Second, and equal 
to CB at the End of the Second: whereas if a Body ſhould fall 


fame Height and has half its Baſe f 
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Ws may alſo further gather from what has been faid, that Gra- 
vity does not act by Intervals oy we explained it that way at firſt 
to- facilitate Conception) for if it did, after every Tmpulſe the Body 
ated upon wou'd go on with an uniform Velocity, tho? it would 
have a'greater Velocity after every Impulſe. Neither after it had 


fallen a certain Space would it have acquird a Velocity ca ow of 


carrying it thro* double that Space in the fame Time, ſhould 


Gravi- 
ry ceale to a, but only dre a Space equal tothe firſt, = 
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Fox Example; after Galileo's Method, the Triangle A C Bf. 23. F. 11. 


(I. 26. Fig. 11.) repreſents the - fallen thro” in any Part of 
ſe one Second, in the Time A B with a Velocity 2 


one Rod in a Second by an Impulſe as a Blow, the Velocity at firſt 
would be equal to A D and continue ſo during the whole Time, fo 
that at the End of the Second it would only be B V equal to AD 


and half of B C, whereby without a freſh Impulſe it would only 
carry the Body down one Rod more in another Second; for then 
the Time multiplied into the Velocity would only produce the Rec- 


tangle AD VB equal to the Triangle A CB, becauſe it is of the 


16. Ir the Direction of a falling Body be ſo chang'd as to make 


it go directly upwards beginning that Motion with all the Veloci- 


95 it had at the End of its Fall, it will go up (by a Motion uni- 
ormly retarded) exactly to an Height equal to that from which 
it fell; and the Spaces it goes thro' in each Part of the Time are to 


be ſeen in the Scheme over- againſt the Numbers repreſenting thoſe 


Parts of Time. If, for Example, the Body has fallen 4 Seconds, it 
will have gone thro? 16 Rods in its Fall, and have acquir d the Ve- 


8 5 
. . 


locity E A capable of carrying it 32 Rods in the ſame Time by an + 


* 


1. 
Tuclid. | 


Pl. ac. Fe 


uniform Motion; but as Gravity acts againſt it in its Riſe it will o. 
deſtroy all its Motion by the Time that it has riſen only 16 Rods; 
for it is the ſame thing to make a Body from Reſt move 16 Rods 
downwards in a certain Time, as to deſtroy half of the Force which 
was able to carry a Body upwards 32 Rods in the fame Time. 
The fame Thing will alſo be plain 2, you conſider the whole Time, 
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„the Body's Motion. For Example; let the Body be thrown up- 

F. 25. F. lo. yards, and let tlie Spaces which it goes thro' in every Second be con- 
| ſider'd, If the Velocity given to the Body projecte 

ſuch, that in the Time E (which will now be the firſt Second of 


Time) it goes thro 7 Rods, the next Second it will go but 3, be- 


. and during, the 2d Second, able to carry it downwards 2 Spaces or 
Rods; which is (in other Words) to take away 2 of „ e 


4 = £ « 6 l 


which the Bo 


wiſe, inſtead of going 5 Spaces the 3d Second Gravity raking awa 

2, it will go 4 28 and the th Second (the fat of 12 Riſe) 
Inſtead of going 3 Spaces, it will for the ſame Reaſon go but ane; 
and then the Body will for an indiviſible Moment of Time be at 
Reſt. From the Point of Reft the Body will come down again, 


I" 


| down juſt in the ſame Space of Time that it went up. 


2.45% 1 
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PL. 25. F. 12. If a Body, inſtead of going upwards in the Line A B, ſhould riſe 
to the fame Height in the inclin d ſtreight Lines A C or A E, or 


down in the ſtreight Lines C D or EF, or in the Curves Cc D or 
E/ F. For we have already ſhewn, that when a Body is acted up- 
on by a Force to carry it in the Line A B in a certain time, if an- 


nal A C of the Parallelogram A B Cg in the fame Time: And we 
have alſo ſhewn, that it would go in a Parabolic Curve Ae C in the 
ſame Time from A to C. Now ſince the Force of Gravity in the 


equal to the Force of Gravity acting in the Direction Cę to make 
are equal to Ag and A B, and therefore the Diagonal right Line 
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the Lines A C and A C. The ſame might be ſaid of the Lines 
AE and A e E compar d with EF and Ee F. N. B. When we 
throw a Body directly upwands and it falls upon the ſame Plate 
of the Earth we threw tt 


$$7% 3 
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Lines as A C and CD moving from A to D by the Motion which 
the Earth gives it from Haſt to Weſl. But if we Jhoot it al- 


Let. V. as divided into ſmall Parts, and obſerve the uniform Diminution of 


upwards be 


cauſe Gravity gives it an Impulſe downwards at the Beginning of, 


dy would have gone thro in that Time. Thus like- 


talling with an accelerated Motion already deſcrib'd, and coming 


in the Curves A Cor Ae E, it would in the ſame Time come 
other Force A g acts upon it too, the Body will go in the Diago- 
Direction B A, which deſtroys the Motion of the riſing Body, is 
CD, or cury'd Line Ce D, will be gone thro' in the ſame Time as 


rum, then it really deſeribes Two: ſuch 


liguely 
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fallen thro? in perpend 
laps'd from the firing of the 


the Height 


its 


went thro? but one Space; it would then han 


Bengt fuji Wige ils Säure, A C. CD, or the P. Lecdl. V. 
rabola A 1e 555 q or any other Par alola, as A E 7 e fo md — 
eee ir WG e 1271 * ee e 
8 Fi e 0 R 0 2 2 A 15 0 2 6 , {3 5 


een it allows 


Time of * all of mn 82 I as num- 
ber of Seconds in that Time, and you will have — ods or Spaces 
icular Height, Thus if 20 Seconds are e- 
ortar to the Fall of the Bomb, 
half that will be 10, the Square of 10 is 100, which hundred 
Rods multiplied by 16 and a þ f will give the utmoſt Height of 

the Bomb in Feet, vi. 165. „„ 

N. B. He ffill abſtratt from the Ref Nate of of the Air, adve 


of it will he ring 
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COROLLART II. 


HEN alf> follows, that knowing the Weight of a Body and 
frem which it falls, one may know what Stroke it will 
8 85 that is, what Momentum it has at 1 its Fall; for 
uare Root of the Spaces will a Wah cf Velocity, which a 
bei bee. into on Mais and Wein of me: } Bod) OY us 
lomenrum. * Yo 


Sour People rn inagin'd! PE a filling Body h has 4 Abe 


rum and ſtrikes a Blow, -proportionable to the Height from Which 


it falls ; for Example, that a Pound falling from an Height of 4 Foot 
has four times the Moment um that it would have falling from one 


Foot. But their Error les in not taking che Time into conſiderati- 


on; for 4 Body ſpends tv ies the Time in falling 4 Foot that it 
does in falling one Foot, ſo thar the Velocity is only double in the 
firſt Caſe. Indeed if a Body cud fall 4 Spaces, or in b. 80 Direc- 
tion whatever-g0 thro” 4 Spaces, while ano 


a 


e 15 times the 
Momentum, and confequently be capable of a quadruple Effect. 


4 4 OTHERS 


we' ſhall hereafter conſider and ſhew how to Alen for 1, as lie- 


. N. z. 
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Leck. V. OTHERS again allow that the Velocity is as the Square Root of 
tue Spaces; but alledge that the Momentum is not as the Product 
of the Maſs by the Velocity of the moving Body, but as the Maſs 
multiplied into the wp way of the Velocity; which Opinion they 
endeavour to ſupport y ſeveral Experiments, and various Reaſon- 
ings, many of which I ſhall conſider in the Notes.“ I ſhall on- 
ly take notice here, that tho I do not think the Experiments of 
hard Bodies falling upon ſoft Subſtances (to be hereafter more 
fully deſcrib'd) concluſive in Reſpect of the Momenta of thoſe Bo- 
dies; yet they have very well prov'd that yielding Subſtances or 
ſoft unelaſtick Bodies yield to a Blow of the ſame percutient Bo- 
dy in proportion to the Square of its Velocity; and thence may 
be drawn very uſeful Conſequences applicable to the PraQtice of 
Mechanicks. $17 „„ Po ons mes} 


Ann. 4 


_ _ Ix explaining the Action of Gravity 3 falling Bodies we 
have confider'd it as acting upon Projectiles always with the 
ſame Force, tho it is certainly weaker in its Effect the higher 
the Body ated upon is above the Earth, as we have ſhewn. in 
L. I. An. 11. the 117% Annotation to Lect. I. * For Gravity (that is, its accel- 
lerating Force) decreaſes, as the Squares of the Diſtances from 
the Center of the Earth encreaſe. But as the greateſt Height to 
which we are able (even with Gun-powder) to project Bodies, 
bears no Proportion to the Diſtance from the Center of the Earth, 
( ſcarce one 20co7h Part) we could make no Allowance for that 
Decreaſe of the Force of Gravity, without making, too much, ſince 
Diem n ?Ä4 


17. Is the Force of Gravity was greater or lefs than it is here, 
Bodies wou'd be accelerated by it in their Fall in the ſame man- 
ner that we have explain d; only the Spaces which the falling 
Body goes thro? in the ſame Time, wou:d be greater or leſs in 
Proportion. If the Force of Gravity was 4 times greater, a Body 
would fall 4 Rods in the 1 Second of its Fall; and if the Force of 
Gravity was four times leſs (as it wou'd be if we were carried up to 
tlie Height of 4000 Miles, or remoy'd farther from the Center of 

the Earth than we are, the Diſtance of one Semidiameter of the 

3 Earth) a. ou would fall but a quarter of a Rod in the firſt Se- 
'- 1: "cond of its. Fall.“ And if we. obſerve, that in any Place on the 


= Surface of the Earth a Body falls not ſo great a Space as one Rod 
<> Gr avity is leſs 


in a Second; we may be ſure. that the Force 5 
* Ty *V„ here. 
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there than in our Country where Bodies fall one Rod in a Second. Lect. V. 
Now - this Obſervation has been made very near the Aquatar, 
where from Experiments made on Pendulums ir appears that Bo 
dies do not fall a Rod in a Second; and it follows from: thence 5 


PA N 9 


that the Force of Gravity is leſs there than in greater Latitudes.: 
which happens becauſe the Surface of the Earth is higher (that is, 
farther remov'd from the Center there than at the Poles) about 
21 Miles. But I ſhall ſpeak more fully of this in another Place. 
nn the mean time, I refer the curious to Sir Iſaac Neuton s 
Principia, Book 3. Prop. ao. and the Philoſophical TranſatFions,. 


anni 


11 
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19. WN EN a Body runs down an inclin'd Plane, it cannot des- 
cend with its whole Ae, becauſe Part of it is ſupported by 
the Plane, and that in Proportion of the Length of the Plane to 
its Height (or of the Nadius to the Sine of the Angle of Incli- 
nation) as has been ſhewn in the % Annotation of Lett. 3. But 


then that Part of the Weight which is not ſupported by the Plane, 1. 3. Aus: 7. 
or the relative Gravity being always of the fame Quantity, be- 
cauſe every Part of the Plane has the ſame Inclination, will cauſe 

the Body that rolls down to accelerate its Motion in the fame. 

manner as a Body that falls freely down, but not fo faſt; or in the. 

ſame manner that Bodies would. fall freely if the Force of Gravi - 

ty was fo. much. leſs. eee F 
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Upon any. ſtreight horizontal Line as C B, & raiſe a, Perpen- * Pl. 25. F: 
dicular at C, and make A B the Hy potenuſe of the Triangle '3 

A B C (which is to repreſent an inclin'd Plane) in Length equal 

to twice the CN: 11 or Perpendicular A C. Divide A B into 

4 equal Parts marked by the Points D, FE, G, and likewiſe A C 

neo 4 equal Parts marked by de keile E. Ib, L. Draw U D- 

and & oa Bun hon e 


4 # 


„ $3 
* e 
I 
4 * 


od thw eee ei 
Ir A E, E H, H I, and I C be the 4 Spaces (or Rods) which: 
a Body falls thro” in 2 Seconds, A E will be one Space which 
the ig gocs:thro” in 1 Second. + Now if the Force of Gravi- +No.14.15- 
ty was bu half of what ic i, the, Body, inſtead oF going, down 

om A to C in two Seconds, would only go from A tc 

the Body be laid upon the Plane A B, 


ly go from A to. E. 


| U „% 949 of * £44" 
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then it will he, ſo ſup⸗ 
75 Fa A A . 43 A W 4 1 # 1 g ; 
ported 


E woe" " e We Us! 66 "aſcend! towards- 2. with: only halt i 
VF Weight, that is; it will loſe half its Weight and advance towards 
l Center of the Earth no faſter than it would de in the" Tine 
A C if ir felk freely down and the Force of Gravity v 
'of Wliat it 1 Tie Body, therefore rolling on che inclind P 
Will come An büt to B, which is upon the fame Level dane 40 
neuf tlie Center of the Farth ) as E, in 2 Seconds. Whereas, if 
it niad not been ſupf orted by the Plane, it would have then 5 
Spaces or down to C. It has then at D the fame Velocit > Rev [ 
* Body falkng freely from A has at E, but is (in this Ca ) twice 
as long in acquiring that Velocity. If the Body, when it fs 
come down to D continues to move alo ong the Inclin'd Plane, it 
A for the Rea y lledy'4'go thro! che nett 3 equl 
Spins al E G, G B, i Airy next 2 Seconds of Time; juſt 3 
iy fallin _ in the Line A C would do if the ice of 
8 or as a Body will do now with the Wok BW 
Fbros of Gravity in keit the Time. and the Velocity of the mol. 
2 Body Shes it is at B will be as great as the Ve wg Þ of the 
Body at C; but it will be 6 much 1958 N 45 
Line A B is longer than A C. | 
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AL 8 that whatever the Inclination of this Plane i iS, 4 
Body will have acquir d the ſame Velocity when it comes down to 
the Bottom of it as if it had fallen along the Perpendicular ; and if 
any two Points (as E and D, H and E, I and G) be taken! in the 
fate horizontal Line, one xe upon the Tnclin'd Plane and the oe 

upon the Fer pendicular, the Body will have the fame. Velocit 

both, the” acguir'd in Geer Ties For if the Plane be leſs i 
Cin d, the relative Gravity Which carries it down will be greater, 

and actele ate the Body Ho: much quicker as the Plane is ſhorter; | 
: whereas t more inclined or the 212 the ! I5, the more flow 1 
" its Acceleration will be. 11 


5 col L 4 2 h 6 


gee: iner Follows alſo, that if a Perpenditular be FIR Sin any 
1 point 'the Line in which a Body fills freely to the inclin'd Plane, 
— oF N will ew. how far upon the inclin d Plane another Body wou'd 


5 1 in the fame 2 If the Fall of both * from * 
int. 


the fame Height along ſeveral. 
another, as for Example the Planes A D, P E, E B, I it 75 1 ave 
1 acquit'd the ſame 1 1 785 2 15 it 1 Hug 7 only ä 
W as A W or * Perpe 


it LO, 19 75 10 5 Veldeir 4 8 0 a5 oY it 10 Alen in 
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point, That! is, ih 


vertical Line fo C comes 
the ſame Time that it wow'd fall Rely as low as CY 1 


of A G and A C the gouble of A P, and the Angle 
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perpendicy- 


hr to the Plane A B. For fince by Conſtruction A 5 pH the Kb 
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Z deſerib'd in my Second Lecture are only Inſtruments to perform the 
ame thing different Ways, namely to convey the Powers exerted 
or ſpent by ſome Body acting, ſo as to be applied for the moving 
of other Bodies, or to tranſmit or regulate the Power from one Body 
o another. Now the Inſtruments I am about to deſcribe will al 


ſerve 


rimental Phil: ſo 
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Left. V. ſerve to perform this, therefore they may very well be call'd Me. 
WW chanical Ding! but the difference in the ating is this: In the 
Machines or Organs already deſcrib'd, a great Part of the Strength 
of the Men or other Animals, Sc. (that is, the Intenſity of the Pow. 
er) 1s loſt in the rubbing, ſticking, ſtretching, wearing, and yield. 
ing of the Parts of the Machine, and the Force of the Men, G. 
employ?d can only be exerted by degrees, with the loſs aforeſaid. 
But in the Machines I am about to deſcribe, the Power is collected 
and convey'd from Body to Body with little or no Loſs by Accu- 
mulation continuing in the ſame Line. £2656 4 
20. Ir a Man weighing 140t preſſes with his whole Weight, or 
exerts a Force equal to his Weight, upon a Leaver or Balance- 
Beam equally divided by its Center of Motion, it is impoſſible 
for him to overcome a Reſiſtance greater than «4c, tho 
he ſhould act upon the Beam a whole Day with all his Force, 
the Man's Power or Force being deſtroy'd as fait as he en. 
erts it; but if he can communicate his Force by Legrees to a 
Body that ſhall keep it all and exert in a Moment the Sum cf 
all the Impulſions given by the Man at ſeveral times, that whole 
Force' of the Body ſo collected, and as it were condens' d, wil 
perform at once What the Man could never have done by an En. 
gine in the common Way. Such a Body was the hattering Ran 
of the Ancients, which was a very large Piece of Timber (one 
of which we have deſcrib'd in the 34 Annotation of the 24 
8 5 Ann. Lecture *) headed at one End with Metal, either Braſs or Iron, 


* 


. which was contriv'd various Ways to ee and by the 
conjoyn'd Strength of many Men made to be mov'd with the 


Metal-headed End forward; till having receiv'd and kept all the 
ſucceſſive Impreſſions of the Force of the Men (which was whol- 
ly empl y'd to move the Ram forward; becauſe its Weight 
Was ſuſpended by Ropes or Chains from a Diſtance above it to 
allow it t) ſwing freely) it had by little and little acquir'd a certain 
Degree of Velocity; and with that Degree of Velocity it met witl 
or {truck the Walls or Fortifications of Cities or Caſtles, and there- 
by remov'd or beat them down. * This Machine is by ” 


MN doubt but the firft Invention of the batterirg Ram was copied from Naturt, rather than ma- 
 thematical Reaſoning; that is, from aubat a Ram is obſerv'd to do by Inftind.' If that Creaturt 
having in vain r with bis Head againſt an Obſtacle by help of the Muſcles that exten bi 
Tess, his bind Feet being fd haid againſt the Ground, makes a ſecond A'tempt ; and, by a fallin 
Stroke of his Head, removes the Obſtacle which 'refifted tus much befate : in ſuch à caſe afterward", be 
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he 
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ans, might 
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or Metal directed or mov'd circularly or in a curve Line by the 
Handle, ſo as by degrees to receive a certain Velocity and there- 
by to have a Power of moving, or making Impreſſions on, other 
Bodies, partakes of the two above mention'd Organs, as it re- 
ceives an accumulated Force from the Arm that moves it, and at 
the fame Time from Gravity, when it is made uſe of to ſtrike 
downwards, Tho? it is OT circularly, yet its Stroke is made in a 
ſtreight Line, namely in the Tangent to the Curve in which it 
moves, juſt at the Point of the Curve in which the Blow is made; 


* 


retires ſo far a; to be able to accelerate his Motion to the utmoſt that bis Muſcles can exert their Adi 
in running, and thereby gives a prodigious firong Blow by the accumulated Force with git arm 
Head, to the Thing or Animal which. he runs againſt ; his . being hb plac d and ſin d on his Hoa 45 
that he feels no Pain from the Shack, © „% Pit SUP OY 55 ** n 
& - Vu becauſe 
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23. ANAL 0:46-0U 8 to the Fly may be accounted:the circular 
Pendulum, -which is a mechanical Organ, whereby Motion may 
be accumulated into the Body or Weight thereot ; which is ſul- 
pended by a String from a Center above, that keeps it. at due 


Viſtance from the ſaid Center. 
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Force, is more free to receive and retain the accumulated Power, wv 
and receives none of the firſt . of the Fly, namely. 


not "_ if ven any account of the common or ſimple Pen- 
dulum, I mu 


L be treated of 


of Pivots and Gudgeons; and none of the Force apply'd to it is 
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336, A Courſe of | Experimentah Philoſophy. 
Led. V. find what. the Velocity of the Body is juſt at the Inſtant that the 
;FYV' Percuſſion is made, I or the Machine apply*d to Uſe, For it be- 
TNT ing always ſuppos d that we know the Weight of the Body or In 
ſtrument, we have nothing to do but to multiply it by the Veloci- 
+ L. 2. Ne. ty and it will give us the Momentum of our moving Body, + and 
„thereby ſhew the Effect which it is able to produce in acting up- 
on another Body, in ſtopping, driving, breaking or ſtriking it, ſo 
as to ſhake, move, or remove the whole or any part of it. 


2. No wall the Difficulty conſiſts in finding what is the real 
Velocity of the percutient Body juſt at the Moment of Percuſſion; 
and it may be done in the following Manner, which we will firſt 
ſhew with reſpect to the Rammer or hea pl Weight to drive Piles, 

it being moſt eafily conſidered in that Inſtrument, and all Cats. 
deduced from that. V 


h , 


« PL. 25. F. THE 15th Figure of Plate 25 * repreſents an _ to drive 
Is Piles, conſiſting of the Cill K I and Frame E L, on which are fix d 
: the upright Pieces L H and L G, N by the Side Braces C, 

as 


C, and the hind-Brace FE (which has Pins on it to make it ſerve. 
as a Ladder) and held together by the ſquare Collar E D. The 
Rammer A being a very heavy Piece of hard Wood or Iron ſlides 
up and down between the Cheeks or upright Pieces L H, L G, and 
is drawn up by means of its Hook B with two Ropes H O, G O, 
having each 5 ſmaller Ropes with Handles at N, N, for 10 Men 
to pull up the Rammer to a certain Height (the great Ropes run- 
ning over two Pullies or Rollers on the Iron Pin H G) and then 
let it fall again all at once upon the Head of the Pile at M to drive 
it into the Ground. Now ſuppoſe the Rammer A weighs 5005 
and falls the Height of one Foot, it will fall that Height in a quar- 
ter of a Second, and conſequently have a Velocity able to carry it 
No. ig. Cor. uniformly 2 Foot in the ſame Time, + (that is, at the Rate of 3 Foot 
3. P. 324. in a Second) at the very Inftant that it ſtrikes the Pile M. There- 
tore multiplying the Maſs. by the Velocity, vg 500 X 9, we 
ſhall have 4000 for the Momentum of the Rammer, with ſuch a 
Fall. But if the Rammer be rais'd up to the Height of 4 Foot, it 
will fall that Height in half a Second, and have at the Time of 
Percuſſion a Velocity to carry it 2 Foot in half a Second, without any | 
farther Help from Gravity; fo that we muſt now multiply 16 Foot 
(the preſent Velocity, ſince it goes at the Rate of 16 Foot in a 
Second) by zes the Ma6 of the Rammer, which vil give us 


„ 5 | # 
5 „ N 


by an caſy Contrivance looſen it at once from its Hook) the Mamen- 
= 747, 


Ann. 4. 


: | Reaſon of it in the Notes. 
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= 26. Ira Pile is to be driven obliquely ; the Engine muſt be ſet 
ſo that the Cheeks may have the ſame Obliquity, and the Blow will: 
W {ill be perpendicular to the Head of the Pile; but then the Force 
of the Blow muſt not be eſtimated from the Length, but from the 
Height, of the Deſcent, in the manner already ſhewn; becauſe 9 —_— 
= bow long ſoever the inclin'd Plane is, in which the Body falls, it has _— A 
acquired no more Velocity than hat it would do if it had only fal- = 


9 


ien perpendiculary from the Height of the Plane. — 


27. To find the Velocity of the battering Ram when it makes e 
its Stroke, we muſt obſerve at what Rate its Motion is accelerated; =_ 
for according to the Number and Strength of the Men that work: | 4 
ü, it may be accelerated more or leſs than Gravity would accele-. _ == 
nate it if it was to fall perpendicularly. Therefore we are to ob- Ag Vn 
ſerve the. Length of the Stroke from the Point moſt remote from. = 
= the Wall (or the Thing  batter'd). and the Wall, and take notice 
in what Time the Stroke is made (for when the Men, by a little 
Practice, have got the Knack of playing the Ram, all their Strokes 
are made in the ſame Time) if the Stroke, for Example, be f 4 

Foot and made in a quarter of a Second, the Momentum of the 
ys Foot in a quarter of a Second, or 32 Feet in one whole Se- 
cond. This Force would be quadruple of what Gravity might 
give the falling Ram (or a Rammer equal in Weight to the Ram) 
in the ſame, Time; but only equal to What it would give it in one Se- 
cond or the quadruple of the Time; and only half of what Gra- 
vity would give in two Seconds to the ſame Body falling from an 
1 Sa. of a little more than 64 Feet. If the Time of making the 

Stroke had been twice as long, or half a Second, then the MHamen-. 

| 3 | 5 . lu, 
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Led. . tum or Rs: «of the Percuſſion would: 68 FO but half as great 
a (6c;'the Percuſſion with the fame battering: Ram being . Fe in · 
verſely as the Time in wee is 2 weilen 24 ene ſame "Force 


ſhall know, from what we have ſaid of Bodies falling 
| larly or on an inclin'd Plane, what Velocity it has at Rs end Fi its 
fall. -/Thus'we' may know with what Force the great Hammer, 
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127 Tos ary che Velocit / (and confec ity thy Atelier: of 


the Mall or Hammer at the inſtant of Percuſſion, e muſt conſi· 
der it firſt in the moſt fimple manner, as when being raisd u 1 


falls down again in an Arc of a Circle by its own Gravity: 
we are only to conſider the Height from which it pl and * 
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d bythe! Axis of a Water-wheel, fall upon the Plates or Bars 
pper"'that'are' Aatten'd 3 in Tron or Copper Battering 
When the Hammer is mowd by the Hand, or 
a Spring/as well as by Gravity, it will move quicker, and 
will libe pe ls greater, therefore by en Nr the 
Time of its Fall in caſe, its Velocity may be known 
To a Body, moving twite as faſt in the ſame Circle, was ahl 
according to what appear d in the 1 55 Experiment of this 


| Lettare, to raiſe 4 times the Weight ; we muſt not imagine that 


a Hammer mov'd twice as faſt will ſtrite with 4 times the Mo. 
mentum, hi a Hammer of the ſame Weight moving twice a: 
faſt, only becauſe of an Handle or Radius twice as long, ſhall hav 
but double the Momentum according to the 13th Ex periment ; 


fur it is only the centrifugal” Force in the. fame Circle, which in 


as the: Square of the Velocity, and not the Stroke made along the 


Tangent. The Effect of the centri ifuga! Force will only be this, 


that the | Hand which holds the! Hammer will feel' 4 times the 


Force endea pouring o pull the Hammer ont of bis Hand; and 
would feel but twice that Force if the Velocity was 1 doubl 
| by OA an Hendle Fivice as ng.” 


1. is 44 15 be: ob ape that a the 102 en F er it i 
better to Arite with the ane "Maſs of Marter with 4 double 
Voelotity, than'' wth" double Mass and'fongle© Velocity; berauſt 
Nils e into Wood, 

6 Way" to the time Hümmer nearly. according to the Square of 
Its Vole, a Wer uebount Toth in che Noter. x But the Re- 
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31 ing the ane, upon Coins, as we have above ] te 
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ver 15 2 . Ane "in the een, Rem, Toh would have a il. © 
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209. Ir the Fly Cog . only to give a Blow einn beer = 
its Weights after Babe evolutions, th od bf finding its Ve- 


locity, and 1 its eee, juſt at the Stroke, is the 
fame as will ſerve for the 8 ; for tho the Fly has vaſtly more | 


| : Friction than the Sling, we are only to obſerve what Velocity "IM 


(without any 8 to the Impediments which hinder'd the Velo- 


city from beit great as it Would have been without them) it 5 9 
Be juſt at hs FT which we may know by. 79 75 ſeveral _—_— 
Revolutions, or Parts of Met PRES. which, wil e „ —_ 
the Degree of "Acceleration. ins end e eee „ 


30. N tr di ſhew how: SOS nth Hs 2 theſe SY 
when joyn'd with others cotmmonly.called-the:mechanital Powers 
(pla in the 2d Lecture) I ſhall he what Force may in 5 
by the Machine made of the Fly combin d to the See Na: 1525 5 W 


ap "Ix . WM 1 


chan us ſuppoſe the i two > Ao of, theta Fly to he iis 14 ; | 
each (meaſuring from the Center of the Weights to the Axis of 
Motion) and the Weightstobe. pott each, and the Diameter of the 
Axis preſſing upon thè Dye to be onẽ, Inch. If every Stroke be 
made in half a Second, and the Weights s deſcribe an half Circumfe. 
rence," which will in this Caſe be of 4 Foot, tlie Velocity vrill at 

the dada of the A be. at the. Rate :of 8: Foote c Ares of + 
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*. V. 31. 5 N de endleſs to e Fob ie. Conſequ ences. of 


but firſt we muſt, ſhew how far the 
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two Laws of Motion already explain'd, in the Practice of mecha. 
nical Operations; and to apply them to the Explication of all kings 


= Motions whether. of Bodies on Earth, or of the Planets and 
Comets in the Heavens: We ſhall 1 give a few. Inſtances more; 


9/4 


eliſtance of Air (Which we 
have hi therto leſt out of our e hinders the Effects from 
. ſuch as might be expected from their Cauſes without iti. 


Tu o' the Reſiſtance of ' Mediunis is to be confider'd in the Hy. 
droftatical Part of this Work, yet we mult fay ſ much of it now as 
is requir'd for underſtanding how to allow for the Diſturbance that 
the Neſiſtance of Medium gives to moving Bodies, whether their 
Motion be owing to Gravity, or any other Cauſe or Cauſes. 


31. WNENa Body moves in a Fluid of any kind whatever, or 
ting Medium, it cannot go on without ſeparating the Parts of 


the Medium to make it ſelf Way; and ſo much as it beſtows of its 
own Motion on thoſe Parts, ſo coetr it loſes of its own Motion; 


ſo that it will be retarded'if its Motion was uniform before; or if 
it went on with an accelerated Motion, that Reſiſtance (or the Moti 


on given to _ Parts of the Medium) will hinder the Acceleration 
from- being ol niet as it would have been, or (according to the 


Quantity: of of it) eſtroy the Acceleration; that is, deſtroy the additio- 
nal Motion as faſt as it is given to the Body by the accelerating 
Cauſe: ſo that the Body will then move unitormly; as if the acce- 
lerating Cauſe had ceaſed to act, and RA h ould x move in a 
Vacuum e bar 1 ern at ah? N! jo S 
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Thus Lect. V. 


times more than Air, becauſe: a Body moving in it thro' a certain 


Fluid, this Reſiſtance is always as the Squa 
Inſtance or two explain d by Number will make the Thing evi- 
dente WW e e e eee eee en 


LE us ſuppoſe the Body A (PI. 25. Fig. 16. * to be moving 
in a Medium at the Rate of 2 Inches in a Second or from A to B, 
and that it is to remove the 4 Particles of Matter b, c, g, f, to 
make its Way, which Partieles we will ſuppoſe to be an Inch in 


Square of the Velocity. An 


- 9 
F 
- 
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* pl. 25. F. 


N 


Diameter. Now it is not enough to conſider that thoſe Particles 


are to be removd, but we muſt alſo examine with what Velocity 
they are remov'd in order to find the Quantity of Motion which 
they receive. Let us then ſuppoſe each of them to be remov'd an 
Inch in a Second or from the Points & b. c. g; to f, bc, g, to 
make Way for the Body A to go between them. Now ſince. it 


is the fame to move all the 4 Particles laid upon one another from 


f to , as to move all the Four, one Inch in different Lines, it is 
evident that the Space f f or one Inch is their common Velocity: 
One then multiplied by Four the Number of Particles gives 4 for 
the Momentum of the Matter remov'd by the Body A, which 
= conſequently muſt. loſe as much of its Motion as it has communi- 
= cated; and therefore in this Caſe the Reſiſtance will be 4, Again, 


let the ſame Body be ſuppos'd to move twice as faſt, that is, from 


AtoB'(F 1 16. *) ina Second. There muſt be 8 Particles (that » pl. 2; f. 


the ſame Time; but as the Body moves twice as faſt, it will ftrike 


45 


„f, & m, n, or as much more Matter) remoy d in 16. 


each of them as hard again, which will make them recede to the 6 


Points e, , 4, *, C, 2 ½ , inſtead of the Points &, c, d, e, f, g, m, u, 


in the ſame Time; ſo that their common Velocity will be 2 Inches 


inſtead of 1. But 8 Particles multiplied by 2 will give 16, Which 


is a Momentum 4 times 8 what the Matter of the Fluid re- 


ceived before. Therefore 


Body moving twice as faſt in the ſame 


Fluid communicates four times as much Motion to its Parts, and 


conſequently meets with 4 times as much Reſiſtance. Likewiſe if 


the Body mov'd 2 times as faſt, it would remove 3 times more 


Matter in the ſame Time and alfo daſh it 3 times farther; therefore 
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LeQt. V. it would meet with 9 times more Reſiſtance. And this will hold 
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godd in any Degree of Velocity of the —_— _y ; for the Quan- 
nd tne 


* Ann, 5. 


in the Notes. 


tity of Matter remov d in a certain Time, Velocity with 
which that Matter is remov'd will always bee a Momentum in 
the fluid Medium, and conſequently a Reſiſtance, proportionable to 
the Square of the Velocity of the Body moving in that Medium. 
N. B. This Reſiſtance according to the Square of the Velocity is 


the only Reſiſtance that the Air is F ound to have, by Exp erments 


of Bodies moving in it : and therefore it has no Tenacity 5 a Con- 
ſequence of which is, that its Parts do not touch one another. 

Hxxcx it is, that a Fluid will reſiſt ſometimes as much as a $0- 
lid, nay more, when the Velocity of a Body coming againft it is 


very great, as we ſhall ſhew by ſome Inſtances that __ hall give 


| N C H 0 1 * M. 


* 


33. WRA we have ſaid concerning the Fall of Bodies in the 


Air, and along inclin'd Planes, will not agree with Experiments, 
becauſe in the Theory we abſtracted from the Reſiſtance of the 


Air; but when we make proper Allowances for it, the Experiments 


will confirm the Theory. According to the beſt Obſervations a 


Body falling in Vacuo ſhould go thro? 15 Engliſh Feet and an Inch 


and a quarter the firſt Second of its Fall; but in the Air it muſt 


boſe of that Space in Proportion to the Motion it gives to the 


Air, which muſt be ſubtracted from its own Motion; ſo that the 


more Matter the Body has in Proportion to its Surface wherewith 
it ſtrikes the Air, the leſs it will loſe of its own Motion. This 


will be beſt explain'd by giving an account of an Experiment I 
made by obſerving the Time of Leaden Balls which I let fall from 


the inſide of the Top of the Cupola in St. Paul's Church. 


„ EXP E R 1M E N 7 2 

I took ſeveral Leaden Balls of 2 Inches Diameter, weighing 216 
Troy, which I let fall from a Board fix'd 2 Foot over the Top of 
the inner Cupola, and obſerv'd the Time of their Fall very nicely 
by an Inftrument which I ſhall hereafter deſcribe, and found that 


they fell to the Bottom in 44 Seconds anda very little more. The 
Height was 272 Feet. Now according to the Theory, the Balls 


in that Time ſhould have fallen 52 Feet farther, that is, 324 Feet; 
To 0; ob 85 therefore 


Experiment. 


N. B. This Calculation is not erali, being given only as an Illu. 


tration rather than a Demonſtration, and founded upon a Sup- 


Wh 0 Body falling only 16 Foot in the firfl Second of its 


Fall, which Number was taken to avoid Frattions. 


 S=vEex AI Conſequences may be drawn from the Reſiſtance of 


Airin 3 to Bodies moving in it, and which are verified by Expe- 
riments. The Firſt is, That he Motion of a heavy Body is not al- 


ways. accelerated, but at a certain Height it becomes equal and 
uniform in the Air 5 becauſe the Reſiſtance of the Air encreaſing 


in the ſame Proportion as the Spaces encreaſe (and m—— 


as ſhould be produc'd, and by that means hinder the Velocity. of 


the moving Body from being encreaſed any more; * juſt as if the 


Body at that Time ſhould ceaſe to be heavy. The Second is, That 
Bodies of different ſpecifick Gravities moving in the ſume Medi- 
um have not their Motions accelerated after the ſame manner, 


+ 


by reaſon of the difference of their Bulk, compared to their Wei ght, 


which meets with more or leſs Reſiſtance; becauſe thoſe of a great- 


» 


er Bulk, when the Weight is the fame, drive more Air before them 
than hoſe e ð ß BY RT THR 


\ 


* 


Xx 2 „ 


in a duplicate Ratio of the Times, or of the Velocities) this Reſiſ- No. 
tance may become ſo great as to deſtroy as much of the Velocity 
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ct. V. TA Third is, That the Motion of heavy Bodies is differently 
g̃c4celerated in different Mediums, and in the moſi denſe Medium 
it becomes equal ſooneſi; becauſe the more denſe the Medium is, 


the more Difficulty it has to make its Circulations, and it reſiſts 


4 


Motion the more ealily., | 


1 


Tux Fourth is, That he leaſi Bodies of the ſame homogeneous 
Matter fall with leſs Velocity, and come {ooneſt to an Equality; 
becauſe that Body which has a greater Surface is more reſiſted than 
that which has a leſs, and the leſs Bodies have a greater Surface than 
the great ones in reſpe& of their Weight or Solidity ; for we are 
tauglit by Geometry, that if a Cube has its Surface, for Example, 
of one Foot, another Cube eig t times as heavy will have its Sur- 
face but of four Foot. According to this Principle, the Duſt falls 
very ſlowly, when, it is rais d, Birds ſuſtain themſelves in the Air 
by ſpreading their Wings; and a Charge of Shot will not go near 
ſo far as a Bullet of tlie ame Weight ſhot from the fame Gun with 
hives Quantity of Powder, tho” both begin to move with equal 


Tre Fifth is, That there is a determinate Height which pro. 


duces in a heavy Body the greateſt Velocity that it can acquire in 
falling; ſo that if it ſhould fall from an higher Place it would have 
no more Velocity; which is evident from the firſt Conſequence, 
where we have faid that the Motion of a heavy Body is not con- 
1 accelerated; but that at a determinate Height it becomes 
equa ; ' 0 FI 2 7 LPT VVT 5 e eee ; . 1 „in 5 


The Sixth is, That there is a determinate Height, the greateſ 
of all thoſe tu which the Velocity which a Body has acquir d in fal. 
ling, cau make the ſame Body rife up again; becauſe by the fore- 
going Conſequence, there is a determinate Height, which produces 
the greateſt Velocity that a falling Body can acquire, and that Ve- 
locity can make it riſe up again but about to the ſame Height. 
art 1; © Iiir N S „„ 1 aon 1 
IT ux Seventh is, That a Body throum upwards by a Force great. 
er than the greateſt that it can acquire in falling, ought to be long- 
er in falling than riſing; becauſe the Velocity of a Body thrown 
up to any. Height whatever, is continually diminiſh'd; whereas. the 
Velocity of the ſame Body in its Fall enereaſes but till it comes to 
ſuch a Height, it being certain that if it ſhould encreaſe continually, 
the Body would be juſt as long in falling as in riſing. 1 of) 
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that exceeds the 
have a retarded Motion; becauſe by the firſt "Conſequence the Body 
Wich falls witli the greateſt Velocity that its Fall would give it, 
meets with a Reſiſtance in the Air, equal to its Gravity; and when 
it goes with a greater Force, "the Reſiſtarice of the Air becomes 


+ greater than- its Gravity, - ad muſt vie TO * "TO Motion, 
: which thus will be llackened and FRI. es e 
: 4 f D try 115 10 


5 Ty HIS "TY Conſequence. Thews why. a Cannon 
2 Wall retards its Motion; becauſe ſuch 2 Fall; is put in Motion, by 


1 Ball 1 Het 1 


p be Reg Lid Y. 
reateſ Force it ran acquire in falling, it will 


W the Force of the Powder which gives it a. greater Velocity, than 


7 that which its abſolute Gravity would have given it in falling: And 
the Seventh Conſequence ſhews likewiſe the Reaſon of this Expe: 


riment which Father Mer ſennus takes notice of in his Baliſtica, or 


| 4 Art of FP e heavy Baer 7 oft: 5814 17 TH: D 2-66 4 1 3 
=p TECH 81 > 153, 4 # PRI 3 2 © 41 [49] pt 0 II Y 19792 

z T HIS "ani ſays, that he- has found by u ſeveral — 
chat an 1 Arrow which has been three Seconds 1 in riſing, has been . 


g been ſbot vpwards, perpendiculary by a) Mortar-1 piece 


+ ot long, has ſpent as much Time in riſing as.in-deſeending, vis. | 
Fix Seconds; yet it does not follow that it muſt always happen ſo, 


dle Difference not being ſo conſiderable in a Bullet as in an Arrow, 
= whoſe Motion.) en, re 90 an D, by reaſon. of its 


: : | Lightgels,." G nine 1. 731.69: 2 a NO e 3 16 97 
ns bois: 480077 an $499 bianco lt T vs 
= A common, Bomb not . 7 — wht uſual Charge oh Pow 
der a Velocity. greater than the greateſt it can acquire in falling, is 
as long in coming :down as it is in going up. But a Ball of hoe 
x 7 or af Cork (which in a Hacuum would: go much higher 
5 — farther than a Bomb of the ſame Bigneſs, becauſe it receives 


from the Powder ſo much more Velocity at firſt as it lias leſs Mat- 
- ter) Will not ſo high as a Bomb, and alſo Will be longer in co- 
ming down than in going up, on account of the Air Reſiſtance 
W which has more Effect upon thoſe light Bodies for the Reaſons a- 
l % 170232671 oi 323 r 9}do O2 Gi D Iii e 
* B. Ir; is not math "I Frye, that % B05. 
the Air ever comes to an equal Mfobion , bur ati uhways 
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34. 1 ſhew'd, after explaining the firſt Law of Motion, how far 
it would ſerve to make us acquainted with the Motion of the hea. 
venly Bodies, by ſhewing in what Manner Gravity and the projec: 
tile Force keep thoſe Bodies in their Orbits; but it requir'd the 
Underftanding of the ſecond Law to conceive rightly how they move 
in Ellipſes that have the central Body in one of the Foci, and why 


their Velocities are ſucceſſively accelerated and retarded. |, 


335. Bo r before I proceed to conſider this, I mult explain ſome 

Aſtronomical Terms, and ſhew what is meant by ſaying, | that the 
Planets and Comets in reſpect to the Sun deſtribe Area s about it 
proportionable to the Times; as likewiſe the Satellites in reſpet! 
70 their primary Planets. And this is a Truth known and own'd 


by all modern Aſtronomers, however they differ in accounting for 


the Cauſes of the celeſtial Motions. - - 
"FO / . 446d Gb 14hl4t Co e544. lt 3 


SUPPOSE a celeſtial -Body to move round another in a Curve 
returning into it ſelf as a Circle or an Oval; as for Example, the 
Moon about the Earth, whoſe Orbit we will conſider at firſt as cir- 
cular, tho? it is really elliptical. If at any Time of a certain Day 


+P1.2;.F.18-Weobſerve the Moon's Place in its Orbit to be at L: and the Daj 


aſter, at the fame Time, the Moon is found to be at another Place 
as L, the triangular Space T LL (being contain d by the Line or 
Ray 'T L drawn from the central to the revolving Body, at the fir 
Obſervation, the ſame Line in the Situation T L at the ſecond 
Obſervation, and the Arc L L deſcrib'd by the Moon during the In. 


terval of the Obſervations) is call'd an Aſtronomical Area, and the 


Ray T L, conſider'd as ſweeping along that Space and carrying the 


Moon with it, is called the Radius vector or ſweeping Ray. I BY 


ſome Days after, for Example 14 RI we obſerve the Moon BY 
. Nour ad ieee 
be at 4 the Area TI Iwill be equal to the former Arca TLLER 


at l, and the next Day at the ſame 


which was deſcrib'd by the Moon and Radius vector in tlie ſame 


Time: and this is what is meant by ſaying, that revolving Bodis Wi 
in the Heavens deſtribe about the central ones Area's proport ionabt 


„ : 
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356. Here we are to obſerve that the Triangles or Area's T LL, 
18. T 1 /5\ + are not only equal but fimilar, and therefore the Body 
I. does in this Caſe: deſcribe, the equal Arcs L. L and 1 / in equal 
Times, as well as equal Area; ſo that the Motion ef L round 


T is equal, neither accelerated nor rerarded. Such are the Moti B 


1 
4 1 
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oss of Jupiter's Satellites abi | 
| cular (as far as Obſervations have been made hitherto) except ſo 
much as they diſturb each other by their Gravity towards one an- 
other, and as they are diſturb'd by the Sun according to the diffe- 
rent Diſtances of Jupiter from the Sun, or by Saturn whoſe Ar. 
traction becomes ſenſible, at, and near, its Conjunction with . Jupi- 
ter. But all theſe Inequalities may well be neglected here; be. 
= cauſe, tho? they are certain conſequences of the mutual Attraction 
of Bodies, they are not conſiderable enough to be obſerv'd with 
TelekKope: © dc Ora); Ce 


37. Now let us ſuppoſe the Body T not to be in the Center 
of the Orbit, as the Earth is not in the Center of the Moon's Or- 
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bit, but to be diſtant from it the whole length C T (Fig. 19. 4) + PL 25. Fig. 


| If the Moon or the revolving Body be obſerv'd at Land L, and? 
ſo found to have gone thro' the Arc LL in ones Day's Time; 
& then again if it be obſery'd 14. Days after at I, the next Day it 


vill not be at 2 (to which Point it wou'd have gone in a Day if 


| ; its Velocity had not encreas'd) but it will be got quite to 4, its 


E Velocity encreaſing ſo as to make it deſcribe ſa much a greater 


Arc as it is. nearer to the central Body T; otherwiſe the Area 
Bs aft deſcrib'd wou d not be equal to the Area firſt deſcribd; for as 
much as I 1, the Diſtance from the central Body in the beginning 
of the Deſcription of the laſt Area, is leſs than T L the Dil- 
W tance from the central Body in the beginning of the firſt, ſo much 
muſt the Arc deſcrib'd in the laſt be greater; tat what this laſt 
Area wants in length may be made out in brea dtn. 


= 22. Ir, inſtead of a Circle, the revolving Body moves in an El- 
ME lpſe, in one of whoſe Foci the central Body is plac'd (as is the 
BY Caſe of the Moon about the Earth, but more ſtrictly ſo of the 
Flanets and Comets in their Motion round the Sun) and the 
vubole periodical Time of the Body's Revolution be divided into 
equal Farts, in every one of thoſe. Parts of Time the Body (by - 
its Radius vector) will deſcribe an equal Area, but none of thoſe 
fred will be ſimilar except thoſe that are deſcrib d on each ſide 
Jof the Axis of the Ellipſe in correſpondent Parts of the Curve at 
© <9ual Diſtances from the central Bedy. Let ABCDEPFG 
HI + repreſent one of the Ellipſes which is deſcrib d by a Planet fr. 
or a Comet round the Sun; PS, A the Axis of the Ellipſe and 


s, 5, its Foci; 8 the Sun, and A a Planet at the Sun's Aphe/on 
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Left, v. (chat is, at the greateſt Diſtance fromit) andP e the 


Perihelion. (or leaſt Diſtance from the Sun) and the Time of -the 
Revolution be divided into 10 equal Parts; the Planet ſetting out 
at A and going towards B, by its Radiuſ vector A 8, will deſcribe 
ſucceſſively the 10 equal Area ASB, BSC, CS D, DSE, ESP, 
POR, EG, GSH, HJ, IS A, of which only every two corre. 
2 are alk AS BS: 80 0 18 . SE like 
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199 Hexck OO) that in an ch k Orbie, ſuch as an Elli ple 

the revolving Body moves faſter at the Perihelion (the Sun bein 
in one of ity Fott) than at the Aphelion; accelerating its Motion 
from the Aphelion to the Feribelion, | and recndng it From! th 
hs ion to Su: ee 
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nds cE [allows alſo, that che n more excentrick ( hat i is, he long 
| er) the Ellipſe is, 2 greater is the Difference of Velocity at tit 
Veribelion and Apbelion, ſuch is the Caſe of Comets, which mo 
ving in very excentrick Ellipſes, go thro' the lower Part of ther 
bis Sk mw row 1 Ok. . move Map Hh en near 
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hews why a Planet, tho! it be much ore ſtrongly at- 
1 in its Pes ibelon than its Aphelion, will not be drawn. into 
the Sun; becauſe it acquires a greater centrifugal Force as its Velo 
city increaſes, and thereby balances the-Sun's increas'd Attraction 
So likewiſe,” when the Planet goes from the Peribeliun to the 4 
Phelion, tho? the Sun's Attraction be decreas'd, becauſe of the en 
_ creas'd Diſtance, the Planet will not fly out of its Orbit; for the 
Ve elocity decreaſing, the centrifugal Force decreaſes: alſo.” In the 
+ Pl. 25. r. Ellipſe repreſented by Fig. 29.4, when the Planet is at P it 5 


„% fix tirnes nearer the Sun 8 Jin U ben le is at A, therefore it is 5 
*L. i. page times more attractec *; hut then its Velocity being alſo 6 time 


9, 32. 
T Exp. 15. 
Page 313. 


ter; the centrifugal Force increafing as the Square of the Ve. 


i 589 becomes 35 times greater. 80 that the Attraction, or 
25 | acceleras ins 
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accelerati ing. Force wy (however i it werd or e 2 a6 55 x , 
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"Ha we _ why thoſe Planets, which are cats” to the Sun, 
perform their Revolutions in ſhorter Time than thoſe which are 
farther off; that their greater Velocity may give them a ſufficient 
centrifugal Force to balance their centri . Force (or Gravitati- 
on) towards the 8 Sun; : ON Wa og had t to Weir eh N 


GTP ER RE TOR One T4 2 5 


©. 
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Tux Satellites of fupitey and Stukrk” alſo 1208 cir Picket Ai 3 
Times ſhorter, as they are nearer to their Primaries as we have 
already hinted . © Wn Fe "Tg No. 7. 

1 

Tao? the Orbits of the er are nearly circular; et as the 
Foci of an Ellipſe are conſiderabl by diſtant from one anot er, when 
the Curvature does not much differ from that of a Circle; ; the Ex- 
centricity will be ſenſible enough to be obſerv d. Hence i it is, that 
our Winter Halt-Year (in the northern Hemiſphere of our Farth) in 


mer Half- car, 8 c. 
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39. KEPL E R was | is fiſt wit o dikbovert, — 1557 Pu. 
nets, by a Ray drawn from them to the Sun, deſcrib'd Areas 7 


4 portionable to the Times; and gueſs'd that the. Cauſe might 


Gravitation towards the Sun; but he did Not bee it. 15 


rom AIG ate EM 

is the very ſame as W by 2 
accelerated Motion near the 2 thee of f the Earth. 'We e bal give 

uy Danna and a further Account in the Notes F. 8 44mm, 6 6. 


I . 40 In 


E v. 4 40.1 N the mean time I ſhall a in TO eaſieſt way, 

IE) ' thew how Gravity makes the Planets deſcribe. their excentrick 55 

bits with a Motion uniformly accelerated and retarded ; for tho' 1 

ſhall give no ſtrict Geometrical Account of every thing relating to 

this Motion, and the Nature of the Curve, % 15 every Aſſertion 

* will be a Conſequemce of the two n * "ou . ex- 
re ang kunt Gans. 
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PI, 3s: F. 20. 1 15 W re INTE this Fig gure, is more excentrick 
any of thoſe that are gelbe by the Planets, but not ſo ex- 
2 as thoſe that are deſcribed by the Comets. I took it at a 
lean; becauſe, as both the Comets and Planets ate retain'd in 
EIT Orbits, and continue their Motions from the fame Cauſes 
one Explication might ſerve both. eZ Die: 


" Y 2 4 


LEX. 8 repreſent. the Sun, A the Planet or Comet, whick Gra- 
* "OE, the mutua Attraction of the Sun and revolvin rs From 
wards fe 9 0 the Direction A'S; and let A 

| Quantity of that Force; that is, the Space, which "that 

Forte alone acting, would cauſe the Planet to go thro' in a given 
Lime. Lett e ger A be ſuppoſed to have feceiv d a projectile 
Forte in the Sefton Aa at right Angles to A S. If AF i 
preſſes the Space which the projectile Force alone would make the 
Planet deſcribe in the ſaid given Time, and the Quantity of that 
Force be ſuch, as acting jointly with Gravity, will make the Planet 
N out in the Diagonal A m of the compleated Parallelogram 

10 deſcribe the Circle A m, Ge. ene is S the 

Eher of the Sun; then a greater Vis impreſſa, o or projectile Force, 
ſuch #3 A's. (the orce of Gravity A M remaining the fame) will 
make the Planet ſet out in the Diagonal Ar of the compleated Pa- 
roll en, Aan M. and deſcribe an Ellipſe Au, Cc. whoſe 
1 Focus i is S; then will the Point A e Hap the Perthelion 
inſtead of the Aphelzon,. and the Motion will be retarded from A 

. Hall it comes to the Aphelion on the other Side of 8; and then 
. from that Apbelion . till it comes back to A, from whence 
it” began its Motion, But if the projectile Force be leſs, than 
What we have dere able of e the Planet move in a 
wy ci 225 "my it be © EXPE 6d By 4 a ſtead of A 45 then the 05 1 
MI 5 in | 3 Y 
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3 the Direction of the projectile Force A a is at right Angles wh the 
Direction of Gravity (or the centripetal Force) AS. When the 
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* 


_ ONE 


4 2 


bbs wy 


net (beginni its Motion” in the Diagonal ABof the eothplestel Leck V. 
a een Aa BM) will deſcribe the Ellipſe A BC DEPEGH N 
I A, the Sun 8 being in the farther Focus, and the neareſt Focus 
_ roty at 73 ſo rr now "Oy wing ad * A and P Noo T'e- 


Now to * "ty thi Planer i is ive rate ing: ing Rk AY 
Aphelion to the Peribelzon 5 let us obſerve chat at firſt ſetting out, 


Planet by the joint Action of the two Forces is come to B; the 
projectile Force has its new Direction along the Tangent B &, which 
makes an acute Angle with' the new Difection of Gravity which 
now is BS; therefore the Planet will deſcribe a longer lagonal | 
in the ſame Time, * v. B C, that is, encreaſe its Velocity fo that N 
the. Area B CS may y by a Breadrh proportionably greater be equal 
to the longer Area A B S. When the Flanet is come to C, the 
Direction of the projectile Force along the Tangent Cc ſtill makin 
an acute Angle with C S the Direction of Gravity, the two Force 
conſpiring {till accelerate the Planet and carry it from C to 

in the ſame Time that it went at firſt from A to B. The ſame 


— 


3. 


—— conſpiring ſtill in their Directions D and D 8, When the 


Planet is at D, will in a Space of Time equal to the former carry 


it to E: and laſtly, the ſame Forces with their conſpiring Direct. 


ons will ſtill accelerate the Planet in its Motion 9551 E to its Pe- | 
rihelion P, where its Velocity is the greateſt of all. At p the Pe-. _ 
rihelion, the Direction of the projectile Force is along the Tangent r 
P p, and makes a right Ang! le with P'S the Direction of Gravity; 1 
and the Planet from the Action of thoſe two Fortes Will go to F. 
When the Planet is at E, the e of the projectile Force along 
the Tangent F/ makes an obtuſe Angle witli F 8 the Direction gf 
Gravity, and therefore the Motion of the "Planet muſt be ; . 
* becauſe the Diagonal FG Will be gene as the An 
5, and the Forces hegin to act againſt one another. SA 
abc ve-mention'd will fill enereaſe at G,  thatthe Poßce o 97 
in the Direction G 8 will check the projectile Force yhich now 115 
in the Line G g, and ſtill retard the Planer more. T The Angle c 
nuing tobe obtuſe at H and I, the Planet is fill retard 72 if i 4 
to A the Aphelion, Where its Motion is the floweſt o 5521 
t 


22 be obected here; that Jince ako” Augles a A'S, 
YI only decreaſe bag way from A to P; * a e 


15 2 


e 


% : 15 | : T 1. ; | | 1 


Lect. V.SFf, S b g, Sc. only enereaſe half way from P to A; A the Pla. I. 
1s net deſcending towards the Perihelion ſhould not encreaſe its Velo. 
* A1, * city after it is come balf way, becauſe then the Angles, as SE e, Ge. 
encreaſe again: neither ſhould it retard its Motion after it has 
moved half way from P to A, becauſe the Angles made by the Di. 
rettions of the two Forces no longer encreaſe but gradnally decreaſe, 
But then we muſt conſider that there 1s another Cauſe of Accelera.. 
tion and Retardation which does not depend upon the Quantity of tt 
the Angle above-mention*d, but continues to encreaſe after the An. 
gles ceaſe to diminiſh in the Deſcent of the Planet towards the 
Jun; and that Cauſe likewiſe continues to decreaſe in the Aſcent 
of the Planet from the Perihelion to the Aphelion, even after the 
Angles of the Directions of the Forces ceaſe to encreaſe : and 
that Cauſe is the diminiſh'd or encreasg'd Diſtance of the Central 
Body (or the Sun 8) the Power of Attraction changing continu. 
ally in a reciprocal Proportion of the Square of that Diſtance, 
Tf, for Example, we would compare the Velocity of the Planet at 
D and at E, we muſt compleat the Parallelogram Df E dd, of which 
d the twa Sides D ꝙ and D d repreſent the Force of Gravity and 
the projeftile Force when the Planet is at D; then we muſt alſo 
compleat the Parallelogram Ee Pe, in which Ee is greater than 
D / in the ſame Proportion as Gravity 1s greater at E than D; 
. likewiſe Ee muſi be greater than Dd, in Proportion as the pro- 
jectile Force by. its continual Acceleration is there alſo: become 
23 ; and tho the Angle Ee is greater than 4 Da, we: ſhall 
have a greater Diagonal EP on account of the greater Length of 
the Sides in the Parallelogram e Ee TP. 
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41. To ſhew how agreeable the Gravitation of Planets and Co- 
mets (for what we have faid of Planets is as applicable to Comets 
towards the Sun, is to the Gravitation of heavy Bodies towar 


4. 25. F. the Earth; let us take a View of the 21ſt Figure + repreſenting a 


* 


long Ellipſe, or the Orbit of a Comet about the Sun 8, when re- 
pPreſents the Peribelion. The Semi-Ellipſe = « is the Line in 

Which the Motion of the Comet is uniformly retarded, and the 

Semi-Ellipſe « s the Line in which the Motion of the Comet is 

uniformly accelerated. Now, if inſtead of including the Sun 8 in 

the Orbit, we ſhould from one Part of the Surface of the Sun P, 

FE project a Body upwards, ſo that it ſhould riſe as far as A, its Mo- 
ö : tion would be uniformly retarded till it came to A, where it would 
laue its leaſt Velocity; then it would turn again and fall * 
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the Planets, if they mov'd in ſuch a Medium. 


Wr have ſhewn, that when Bodies move in the Air, they loſe off No. 3 

= their Motion by the ' Reſiſtance of the Air, in Proportion to the! et and 

= Square of their Velocity; and that that Reſiſtance hinders falling** 25 —_— 
Bodies from accelerating their Motion, as they would do, if they __ "= 
fell in a Vacuum; becauſe that Reſiſtance continually taking away = 
ſome Part of the Velocity, which Gravity ſuperadds to the falling Ds 47 
Body, continually brings the Motion of the Body nearer and near- FA 
er to a Motion of Equality. Now, if the Planets mov'd in a re- 
ſiſting Medium, ſuch as the cœleſtial Matter, which the Carte ſiaus 
ſuppoſe; the Reſiſtance of that Matter would hinder a Planet from = 
acquiring that Velocity in its Deſcent to the Perihelion, which is =. 
neceſſary to make its centripetal Force balance the Force of Gra. 3 
vity; for this laſt Force would always increaſe in Proportion to the 

= 5quare of the decreas'd Diſtance, let the Medium encompaſſing the _— 
dun be of what Nature it would; but the centrifugal Force would M 
vant its proper Increaſe, if the Planet wanted its requir'd Velocity. EET 
The Conſequence therefore would be, that the Planet would change 
its Track and come nearer to the Sun, and revolve in a longer El- 
lipſe. The next Revolution, the Planet coming towards the Peri- 
belion, and wanting its due centrifugal Force, would be brought = 
nearer to the Sun by the Attraction (not diminiſh'd, hut increas'd,, r 
becauſe now the Perihelion would be nearer); then again would =_ 
the Ellipſe be changed into a longer, and the next Perzbelion' 1 
vwould be ſtill nearer; till the Planet for want of its due Velocity in 
direction along the Tangent, approaching nearer and nearer 
every Revolution, would at laſt fall into the un. 
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= Now, ſince no ſuch Thing happens, it is evident, there is no ſuch 
reſiſting Medium, or celeſtial 5 — of a Vortex, as the Carteſis 
an, ſuppoſe to be the Cauſe of the Motion of the - Planets round 'J 
W the Sun. 80 far from that, that ſuch a. Fluid would deſtroy the : — 

WISE „ 1 
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jon ot the Planets, as we have ſneww .. 
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Lett. v. Bux what deſtroys: the Car teſian Hypotheſis at once (as well a; 
A the Opinion of thoſe ancient Philoſophers, who ſuppoſed ſolid Orb, 
of chriſtal to belong to every Planet, and carry it round) is the 
Obſervation of Comets, which are neither Meteors, as ſome of 


the Ancients ng tab them, nor Planets ſtray ing from one Vortex þ 


to another, as the Carre/ians aſſert; but Planets moving in very 
_ excentrick Orbits, which we ſhall conſider more fully in another 
* Ann. 8, Place. Only here we are to, obſerve, that they move freely to 


and from all Parts of the Heavens ; and therefore there can be ng : | 
cChriſtal ſpherical Shells, which would ſtop them; nor Whirlpools of 
Matter, which would change their Direction by degrees, and at 


laſt make them move nearly in the ſame Plane as the Planets, whoſe 


Orbits have all cheir Planes contain d in tie Breadth of a Zone d 
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43. Tuo we may very well call the 1 „in which Planets 


move, a Vacuum; vet, ſince Li 4529 is prop | latec | thro? all the cc 
leſtial Spaces, and ſome fine Effluuia may be ſeparated from the 
Comets and Planets, there will (ſtrictly ſpeaking) be ſome Rel. 
ſtance to the Motions of the Planet, rho — | 


See the Que- Aſtronomers began to make accurate Obſervations (as a great ma- 
ries at the ans. 2 

End of his | 
Optics. : 
its Eternity, 


Tas Sun has been abet d to have. a conſiderable: Armoſphere 
as its Surface, on account of the prodigious Heat, muſt always be 
throwing out Ef uia, thoſe Huis (except ſuch as are ſmul 


enough to become Particles of Light, and be d- 
1 | | 1 N menie 
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ed off with im- 
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Time be the Fate of the Comet obſerv*d in 1680, which came ſo 
near the Sun as to be, at its Peribelion, no farther diſtant from the 


= Sun's Surface than the 6th Part of the Sun's Diameter. For what 
ue know, many a Comet may have fallen into the Sun without our 
= Knowledge and Obſervation ; and perhaps thoſe Bodies may ſerve 
as freſh Fewel to repleniſh the Waſte of the Sun in ſupplying the 

= Syſtem with Light; for tho it has been objected, that à Comet 
KT would be but a ſmall Supply, yet if it be as big as the Earth, it 
will be in Diameter the 1ooth Part of that of the Sun; that is, in 

pſolidity the Ten hundred thouſandth Part; and that may be as 
much as the Sun in many Years may loſe in Light; nay, tho? the 


EX Comet ſhould be no bigger than the Moon (as moſt Comets are 


1 


Fl fuppoſed to be of that Bigneſs) yet it might ſtill be a ſufficient 
oy Supply for the Waſte of Light. 


44. Tho' theſe are but Conjectures, yet it may not be unac- 


eeptable to the Reader, to ſhew by a Scheme, how a Comet, when 


Sos | > : 
R 1 - 


e Sun's Atmoſphere, will at laſt fall into it. 


- 
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LET AB u be the Orbit of a Comet, 8 and F its Foes, S the 
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Jun, and D þ C the Sun's Atmoſphere. When from the Apheli- 
EX - A the Comet is come towards the Perihelion as far as B, the 
KReſiſtance of the Sun's Atmoſphere hindring ſome of the Accele- 
ration, which the Comet ought to have, the Sun's Attraction will 
give its Orbit more Curvature at the Perihelion, bring it nearer 


to it ſelf, and make it come to 4 inſtead of * in its going off, ſo 
that it will then have leſs Curvature, the Sun's Attraction, at its 


Leing of, acting more directly againſt che Direction of the. projec- 


tile Force, This will make the Ellipſe longer, carry the Aphelion 


: | to A, and make the Focus at f be farther off from the Sun than 


W when it was at F. The next Revolution, when the Comet comes 


down to , it will ſtill come nearer to the Sun in its Perihelion, and 


quit it at B in a new Direction, ſo as to go off in an Ellipſe ſtill 


benger, whoſe farther Focus is at p and Aphelion at x; and may : 


oP 
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menſe Velocity) floating about round the Sun's Body muſt make a Leck. V 

= Medium, at leaſt as denſe as our Air. Now, if a Comet come 
near enough to go into the Sun's Atmoſphere, it will on the ac- 
count of the Reſiſtance it meets with, come nearer and nearer to 
the Sun every Revolution, and at laſt fall into it. Such may in 


PI, 26. F. I, 
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356 enen Phil 
Left, V. till at laſt it comes down to the Sun in the Line « S. But ifa Comet 
or Planet moves in the Orbit ap, whoſe Focz are at the Sun 8 and at 


l * NY 
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V and whoſe Peribelion p is quite out of the Sun's Atmoſphere, 
the Motion of the revolving Body will not be ſenſibly diſturb'd in 


„ 


many thouſand Years. + 
Or HER Things refering to Aſtronomy cannot be well under. 


ſtood, till we have explain 


1 be Third Law of Motion. 


45. To every Action there is always oppos*d an equal Reattin; 
or the mutual Actions of two Bodies upon each other, are alway: 
equal, and directed to contrary Parts. FOOLS EA ; 


WHAT EVER draws or preſſes another, is as much drawn or 
preſſed by that other. If a Man preſſes a Stone with his Finger, 


the Finger is alſo preſs'd by the Stone. If an Horſe draws a Stone 


tied to a Rope, the Horſe (if I may ſo ſay) will be equal 
drawn back towards the Stone: For the ſtretched Rope, by the 


| fame Endeavour to relax and unbend it ſelf, will draw the Horſe 2 
much towards the Stone, as it does the Stone towards the Horſe, 


and will obſtruct the Progreſs of the one as much as it advances 
that of the other. Suppoſe, for Example, that the Horſe is able 
to overcome an Obſtacle equal to 1000 th Weight, preſſing againſt 
it with his Breaſt; when the Horſe draws a Stone of 100+ 
Weight, he will then be able to ſurmount an Obſtacle but of 900 b 
the Stone taking away from the Force of the Horſe as much 25 


ſerves to bring it ſelf forward. We muſt therefore take care 


rightly to underſtand the Term as much, and diſtinguiſh it from 4. 
far. If a Pody ſtrikes upon another, and by its Force changes 
the Motion of the other; that Body alſo (becauſe of the Equality 
of the mutual Preſſure) will undergo an equal Change, in its own 
Motion towards the contrary Part. The Changes made by theſe 
Actions are equal, not in the Velocities (unleſs in ſuch Caſes as the 


two Bodies have the ſame Quantity of Matter) but in the Motions 


or Momenta of the Bodies; that is to fay, if the Bodies are not 
hinder'd by any other Impediments. For, becauſe the Motions are 
equally chang'd, the Changes of Velocities made towards contrary 
Parts, are reciprocally proportional to the Bodies. This Law 
tales place alſo in Actractiounnrn. Plate 
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0 174 in a ate Veſſel of Water AB WP 1 Ty 4 * = 
afloat on 4 Piece of Cork, and a Piece of Iron or Stee 17 of the 

ſame Weight be likewiſe ſet afloat on another Piece of Cork, they 
will come towards one another and meet at C the middle of their 

Diſtance ; which ſhews, that the Attraction is rug between the 


Loadftone and the Iron. 
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1 en ke? t any 77 Piece 0 g . CY 15 _—_ 
had each End drawn over the Poles of a Loadſtone, will with one . 
nd attract the Pole that gave it the Virtue, but repell the other 
Pole; and fo likewiſe, with the other End. If then 17 be the 
' touch'd Piece of Steel, whoſe End I has receivd its Virtue from 
the Pole L of the Stone, and 7 from the Pole 1; the Steel and 
Stone will come together in the manner abc ove-mentioned, when 1 
is plac'd towards L; but if either i of the Steel, be placed towards 4 ot = 
L of the 4 8 or 7 of the Stone towards I 1 the Steel, and che 7 15 1 


ee, or „de and ß as el in | he e a8 A 
DE ad ere fot ant 0 od" e 55 * Ann. 9. : 
2k G and B are two Boats of equal Bigne 204 a Weighs Pl. 26. F. 3. 
foal on the Water and at reſt, at the E Ding GF; a Man 
one ning ca at G pulling a Ro e faſten d at E, by pulling wilt 
bring both the Boats together, and they will meet at C their com- 
a Center of Gravity, which happens alſo here (becauſe they 
equal) to be the middle of their Diſtance 1. When the . 2. 
155 nA at C,-if the Man puſhes the Boat F'B from him, that 
Boat and his own Boat will recede from each other co equal Di- 
ſtances from C. But if the Boat F B had been as big again (for 
Example had been FB H) and the common Center of Gravity o of the 
_ two Boats had been at e, the Diſtance of the Boats being GE; ; 
then by the Pull of the Man, the Boats would have met at c, the 
biggeſt Boat ie thre” but half the Space which the leaſt would go 
theo; ; likewiſe if they were'puſh'd N from the Point c, the Ve- 
locit ing, of their Receſs would be reciprocally proportionable to their 
that! 150 * would recede as far again as EB H, the common 
9 28 Mi HTTP $37 1 2 I DU 5 vs 110 Center 3 
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.the towards contrary Parts, 
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and Re-action, in all C 
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an in the Ball, the Recoil is bur of a 
or 1 8 10000 Feet; in conſider- 
1 ion of the Carriage of the 


which, will ll nee the ebe 
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diminiſhes in Proportion to the Matter 
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_ 48. 4 een and Reaction are very. plainly ſeen in rowing, 
—_ _ iwimming and flying; as for Example, when the Man K in the 
Fi. ppl. 26. F. 4. Boat I K Fig. 4.*) pulls his Oar, he drives the Water towards H, 
_ and the Water drives the Boat as; much towards D. In ſwimming, 
which is nothing but rowing with the Hands and Feet, we are as 
much puſld forward by the Water as we puſh; the Water back. 
The fame Thing explains the flying of Birds, ho, are pulh'd for- 
ward by. the Re-action of the Air againſt their expanded Wings, 
when they. ſtrike the Air with them. As for Example, if a Bird 
ſtrikes the Air downwards with his Wings, with a Force equal to 
What would raiſe 10 Pound, the Re- action of the Air will puſh him 
up with the ſame 1 but if the Bird weighs one Pound, the 
5 Eee of the Re- action of the Air will make the Bird riſe with 
5 Force of only 9 Pound; that is, the Bird will riſe juſt as one err 
| ; wou 
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would do den e 7 "Seeing "Fanning over a wah by 
the Deſcent. of 0 Pon a at the/other Jin 
Bird ſhould ſtrike the Air on With a e equ 3 
Weight, he would for ſome time be ſuſp d'in"the Ait 2 4 N 
Motion, as e often fer Kites, Hole "and other r Birds of FE 
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40. Tu# eee Laws 6 Wiotlol once under 00d 
the : Phonomend of the Tides will be eafily accounted" for; but te 
| Matter ill eaſier, let us take the tollowing' Coriſider 
e with ts. 18D LS ene Din e hy 
3 16 eee £90. 913 90h font fp, of «lt 36-298 oils 2 ng? 
75 hdr bred Bras" are moving after one ib c Fame 
Way, with ehe ſame Pelocity, there 5 „ Hud P40 = 
preſiid upon each" of them,” but greater in the Firſt, Teſs in'th, 
Second, and yet Teſs in the T. 2 4, their Diſtances from. ear 
ot her will coef] y increaſe, thi | 


the bac fer; 


If the EV 


8 * thy. all contiige to move 65 
Ae en, the len , , 
Tet us ſuppoſe the three Boats AG, FB, and 1K (FEI 505 rl. 25. F. 3, 
4 40 to be Sale eng a Stream from L You ras 55 ae a 
d with eqn Velocity, and that there is #1 8 — 4 Man jo 
ro the Bont A G, ue Men to 'row the Boat H B, and four 
Jen to row the Boat TK. Now whilſt none of the. Men row, 
the Boars, as they are carried down by the Stream, cont inue 4 
be at equal Diftances from one another Fa [0 that 3 if a Man, . ft 
ting in the middlemoſt Boat at B, "can with 4 hong Rod reach the 
Head of the hindmoft Boat ar G, and the 113 e . 
Boat at I, he ſhall continue to te able 70. Ao 1 TI the, Me, 
in the Boats do not ro, but, if we ſup N poſe, th 4 all. 1 The Mor 
at once begin to row, the Motion of 4 1 the Bea 0. he 5 
will be actelerated, but. differently, for the 7 ſen 25 "he Forer 
moſt Bout will acceterate it faſtes 70 wards. he twa Mex 
in the middlemoſt” Boat,” ans 7 25 be , 75 7 It make their, Baut 
go on faſter than the fugle M. a in the de, Boat AG / 
the Perſon, who holds a Rod in the middle Boas FB, ill 
longer be 1 55 to reach either the Boat . that. goes before 3 of 
the Bout that follows him; but will þ ap t0-fancy.. e f 
does nor aten to hir Va” Marion) 1 5 he 1 Bu befors. 
haftens away from him, "and that the BY, 7 behind ud 4 hire 
te Tides Tl Gott will help us, c Explain, i Mhe 
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502 15 hs ＋ Was eee We Ft Mountains or 


IS Vallies, rhe Sea would. — a watery. Shell about it, which Shell 


og 26. F. the Figureof this Fluid by its A 


would be ale to the Earth, at no, Body was near it, to alter 
e e e ny ee 
igure in juch a on, Cits Center, and A PLN 
he. Surface of the 1 — e to the Earth EY 
ually; gravitating towards the, Center A the Farth in every Part. 
. let us conſider, what, Effect the Moon at MCM being a 
Diſtance) 0 60, Semi diameter of che Earth) muſt have. 9 Since 
Action and Re-action : are, equal, as vg 48 the ! Moon gravitates 
towards the Sea at L, ſo much does the Sea gravitate towards the 
Moon; but as the Sca does alſo W ee towards. & the Center of 
the Earth, with much more "Force. as it 1 has 40 times more Mat 
ter, an and is 60 times nearer) the! Oon at the Diſtance ML at. 
tracking it in a gontrary Direction can only take off, from the Gra- 
vitation towards the Earth ſo much as ill med to. its accelerating 
Force "at that Diſtance; MI. This his. will L. make che Water at I 
ſwell up to J; and at the ſame Time it wi -water at A, 
the "Water 10 ſwelling up to 4 on the We Side of the Earth, 
whiltth «Wi ter falls fat Fand Ne to op the, 6 Riſe at aps 
If we dhe the Water at L, tl 5 ung; 3 
Weight into jits Center of G as it is not)a Oe , 1 
its 8 ape) and at the Anti odes Of 3 the Water at A, we {ſhall 
come to the Caſe of the three Bodies, or three Boats in the pre- 
ceding Lemm; for all theſe tires gravitate towards the Moon at 
I; ut "differently according to their Diſtance,. in the following 
Proportions, © The Water at. oy 5 diſtant from che Moon M. 39 
Fate 90 the Earth. butt e Center of the Earth E isdiftant 
th the | 'Semi-diameters ; ; therefore as much as 3600, the 
the Moon's Diſtance from the Center of the Earth, is a grea- 
ter Number than 3484 the Square of 5 385k the Moon” Diſtance from 
the Sea at L.; ſo tnuch\is the Attraction ofthe Moon that is, theac- | 
celerating Force towards the Moon). N on the Sea at. x | than 
the Farth at C, Which makes 1 it 99 forwarder towards the 
Moon to 7; or in other Words, "this ma ate at / under 
the Moon. There 18 19 at the E = 15 ime . Hig 5h-water at 
the- Aut i podes, or oppoſne Part of the Earth, at 4; E aus the 
Water there. Vn leis attracted than the. Center of the 
(in' the reciproca ee of the Hie of the Diſtances, that is 
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as much as 3608, Diſtance of the Center of ths 
Earth, f A 1 he quare 0 A A M — 67; the 
„„ Diſtauce 
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Diſtance of the Fig at * a Hee the unde muſtiriſe at Lell. 1 V. 

4 by being left behind, or not advancing towards the Moon ſo faſt — 

as the Center of the Earth. For as the three Bodies I. C, and 

A, all tend towards the Moon, but L. with more Force than C. 
and C with more Force than A, the Diſtance C L, as well as the 

Diſtance C A, muſt increaſe from. thoſe e of 4 cg act. 
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I "gti 1 W herd. it © objected; "That it Ag ben proba- 
= ble, that the Moon ſhould raiſe the Water at one Part of the Earth, 
as L, by attracting the Water more than the Earth; and at che 
ſame time raiſe it at the oppoſite ſide of the Earth, as at A, by at- 
tracting it leſs than the Earth; but the whole Objeftion Wil va 
niſh, — explaining the meaning of the Word to ruiſe the Water, 
3 which here is equivocal.  In'reſpett of the Earth, what is father 
W removed from the Center of the Earth; is ſaid to e vai d, and in 
that Senſe the Water at 4 is raiſed as well zwi kt j but in reſpeck 
of the Moon at M, if the Water at L is ſaid to be raid, becauſe 
it comes to / nearer to the Moon, the Water at A going to 4 
W farther from the Moon, ſhould: rather be ſaid to be er 
W [ft behind, as it is leſs attracted than the Earth. If we — 

| the Earth ae towards M, ſo that the Fart BA B of its Sur- 
face, is brought to Ba b; whilſt the Water remains at A, or comes 
on towards M more flowly than the Surface at B ab, there will 
happen the ſame Thing to an Inhabitant at a, as if the Water 
W (without an ny Regard to the Moon) had riſen at A from A to 4. 
Io make this lll plainer; let us ſuppoſe an Inhabitant of the Earth 
at A to ſtand. in Be Sea near the Shore, fo as to have the Water up 
co his Middle, his Feet being towards o, and his Head towards 2 
W the Zenith; if the Moon RT in the Nadir at N (that is, under the 
5 Earthling relpect to the Man at A) the Earth on which the Man 
ſtands will be drawn downwards whilſt the Surface of the Water 
Joes not deſcend ſo faſt; the Conſequence of which will be that 5 
| the Man will be up to the Neck in Water whereas he was on! _— _ 
up to the Middle before; and if he knows nothing of the Moon's- 
Action in drawing down the Bottom on Which be: ftands;c he will 
lay that it is the Water that riſes—andd this is really what is cal. 
led the coming in of the ide when woe have the Moon ar dur? Au 
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droſtatical Solution of it, anticipating only one plain hydroſtatical 
Propoſition, namely, that a// Liquors af the ſame ſpecifick Meigbt, +% 
which: being contained in / Veſſels have a: Cummunicat io 
Stand at the ſame Height, but if in any of the Veſſels there be 4 
Liquor ſpecifically lighter than the pol it will riſe ſo mach high. 
er as it is ſpecifically lighter to reſtore the Æquilib 
ve muſt obſerve, that the Points LN AP being equ 
from the Center of the Earth C ate equally high, and the Water 
at thoſe Places, Which we ſuppoſe to communicate with one ang- 
ther do gravitate towards the Center of the Earth in the Lines I. 
C, NC, A C and P C in the ual Columns L Y, N u, A 4, and 
Ee; whilſt no other Body but the Earth attracts the Waters. But 
vuben the Moon is at M, the Columns of Water at L become 
leſs heavy towards C than they were, becauſe. the Moon attract 
the ſame Effect as if the Water there was ſpecifically lighter, as t 
would be if it loſt its Saltneſs. But the Columns at P and N d not 
become leſs heavy towards C; becauſe the Moon drawing at right W 
Angles to P Cand N C does not diminiſh the Tendency o the Water; 
at Pand N towards C; and therefore they retain their full Gravity, 
which makes them over eigh the Columns at L which have loſt ſome 
of their Gravity towards C: the Waters therefore will fall at P and N 
and riſe at L, till the Waters from L coming up from / have as much 
added to them in Quantity as they have loſt in ſpecifick Weight; 
and thereby the Aquilibrium will be reſtor ud | Likewiſe the Co- 
lumns of Water at A, which have leſs Tendency towards C, than 
the Waters at P and N, do (as it were) become ſpecifically lighter; 
and there ore, in order to maintain the Aquilibrium. they muſt re- 
ceive an additional Quantity of Water from P and N, Which rai- 
ſes them up to 4. i: FLW bh 17611 e 
IEE 90 li COPE | 
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3. Lam aware of an Objection here, which ſeems at firſt to be 
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a 
of great Force; namely, That ſince the Waters at L, by the Moon's 
Attraction, have a Tendeney towards the Moon in the Direction L M. 
the Water at A muſt -alfo receive a Tendency towards the Moon 
in the Direction A M by the Moon's Action, the? that Action is 
leſs at A than at L; and conſequently that inſtead of their Gravity 
on Bady is ſaid to be ſpeciſcally heavier ti an another, aul en it contains mare Ma fer nd 
the ſame Bulk, or as much Matter un a leſs Bulk. „ | 
'c | Z or 
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775 ſophy. 


ſed, be the Addition ever fo ſmall; and therefore ey ought to preſs 
more towards C than the Waters at P att N and ſo be lower at 
A, Ree of Ting, WW to 4. 1 11 


% ; W — L * 
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It: aunber to this; we are to lai aha! as (Ns Earth at C1 is. 


more attracted towards the Moon than the Water at A, it is the 
| fame Thing as removing the Center of 58 of the Earth from 


C to e, and by that Means the Water at A will be ſo much leſs at- 


tracted towards C on account of the greater Diſtance Ac inſtead ; I. 1. Ne. 


of A C, that even with the additional Force given by the Moon! 7. 


in the ſame Direction it will have leſs Tendency towards the C iy 


ter of the Earth than the Water at P and N, and conſequent N. 


3 it muſt be rais'd w. to 4 oY the Flow of Water from P and 


54. Turns is yet another Objection which ſeetns to deſtroy the 


E whole Foundation of this reaſoning upon the Tides, and to make: 

che Caſe quite different from the Example of the 3 Boats which we 
have given to illuſtrate it. And it is this, vis.-If the Earth C 
aud the Waters at I. and A (as in the Caſe of the 3 Boats) were 
all carried towards the Moon, the Earth and Moon muſt in Time © 
oome together; but we cannot obſerve the leaſt Approach to- 

= wards it, the Diſtances of the Earth and Moon varying only ac- 
coording to the Nature of the Curve in which the Moon m̃oves, and 


the joint Actions of the Sun and Earth according to the different 


Foſtion of thoſe 3 Bodies, and the different Piffance of the Earth 
from the 6257 as ĩt goes round it a. its elliptical” Orbit. 1 


1 
#4 


In Anſwer to chu we muſt obſerve that it is an undeniable Con- 


| ſequence of the mutual Attraction of all Bodies, and the 2d Law, 
that the Barth muſt gravitate towards the Moon as well as the 
| Moon towards the Earth; but we are not to expect to fee the 
Earth go nearer to the Moon, becauſe another Cauſe deſtroys that 
Effect. 
| deſcribing ſimilar Ellipſes round their common Center of Gravity, 32 


the Moon and Earth (as we have before obſerved “) I. 2. x». 
by the Velocity of their Motion acquire ſuch a centrifugal Force 


| 25 balances (or takes off the Effect of) their centripetal Force to- 

| wards the common Center of Gravity. Hence only a Tendency 
is left, and not a viſible Effect in the Earth it ſelf. "But | in reſp 

| of the Waters, that Tendency muſt produce a viſible Effect, tho” 


they do. not leave the Earth; becauſe there is a Communication 


. ts 8 . 
» 9 of 8 > 
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or T edenty towards C being Aiminkſbad, it only to be encrea- Lect. * 3 


/ 
3 . 1 
| Lett. l V. 
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from the Water at P and N to the Water at L and A. And as 


wie have already demonſtrated that the Waters at L and A have a 


leſs Tendency towards C the Center of the Earth than the Wa. 


ters at P and N; the Effect of that Tendency will be, that the 


Waters muſt riſe at A and L and fall at P and N to maintain the 


Agquilibrium. But if there was no Communication between P, 
N, and A, L, there would be no viſible Effect ; that is, the Wa. 
ter would not riſe at L and A, as it really does not in Lake, 


and ſuch Seas as bave no Communication with the Ocean, unleſs they 


have a vaſt Extent. 


55. Tus next Thing we have to ſhew relating to the Tides, i 


the Riſe and Fall of the Water ſucceſſively in any one Place ; for 


low Water a little after Six in the Evening ; then about _— 
v 


Example, if it be high Water at Port ſmouth at Noon, it will be 


or Six Hours after, high Water again; at Six in the Morning 


Water; and, about Noon the next Day, high Water again, G, 


From what has been ſaid it appears, that the Waters about the. art 


do by the Moon's Attraction form themſelves into an oblong Spbe. 


Pl. 26. F. 5. 


roid, whoſe longer Axis produced goes thro' the Center of the 
Moon; as the Spheroid / N 4a P *, whoſe Axis is 4.4,- and whit 
produced goes thro? the Center of the Moon at M. Noy let u 
uppoſe L to. be any Sea- Port on the Ocean, as ſuppoſe at Zyrai 


* 


one of the Bahama Iſlands in the Latitude of 27 North, and tht 


C is the Axis as well as Center of the Earth; and that Zucai 


is at Noon at L where the Water is under the Moon M. As the 
Earth turns from Weſt to Eaſt, in Six Hours, Luce zo will be cat. 
ried to P where the Water is low (for the Spheroid of Water wil 


be immoveable in reſpect of the Moon, which we ſuppoſe at rel 


at M, whilſt all the Countries of the Earth go round in the Cir: 


cle LP A N or other Circles parallel to it); in fix. Hours more Ls 


caio will come to A where it will have high Water; ſix, Hours af. 


ter that, it will, be at N, where the Water is low ; and laſtly, it wil W 


return to L the next Day at Noon, and ſo have high Water. 


Tux real Fact is, that if it be high Water in any Place this Pay 


at Noon, it will not be high. Water next Day till about 53 Mr 


nutes, that is, near an Hour after Noon to- morrow. The Cause 


of which is, that the Moon does not remain at reſt in the Heavens 
as we have juſt now ſuppoſed, but moves in its Orbit 13 Degrees 


* 


4 


and 102 Minutes, as for Example thro' the Are M m in 24 Hour 


* 


1011 „„ „„ nou (Fig. 6) 
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(V Fig. 6) ſo that when any Place of the Earth, as L. | 


n ar of the Earth, as Lucajo, has gone Lett. V. 
from L to L, then to V, and to 2, and laſtly to the fame Place at WW 
the fame Hour at L; the Moon being no longer at M but at , the FL 26. F.. 
high Water has changed with the Moon's Place, and the long Ax- 

is of the Spheroid is no longer L / but N; and therefore Lucajo 

muſt move quite to N where the high Water is towards the Moon. 
the Spheroid of Water being now repreſented by the prick d Oval, 
whoſe Axis produc'd is the Line » Nn; and the Time of that Mo 
tion will be about 53 Minutes, at the Rate of 15 Degrees in an 
Hour, which every Country of the Earth moves from Welt to Eaſt. 


9 ; N | a= 


= +56. Bxsipzs this alternate Riſe and Fall of the Water twice in 
24 Hours, it is obſerv'd that at the Time of full and new Moon, 
= the Tides (then called Spring-Tides) are greater than at the Time 
of the Quadratures, that is, when to us the Moon appears haly'd; 
and as the Water riſes higher at the Tide of Flood, ſo it finks low- 
Thoſe Tides that happen at the Quadratures, are called Neap-Tides. 
And doch are accounted for by the joins ABtion of the Sun and 
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I the Action of the Sun on the Waters, and the Reaction of the 
Waters be conſider' d, as we have done in reſpect of the Moon, we 
ſhall find (for the ſame Reaſons) that the Waters will riſe under the 

= Sun and at the Antipodes ; but as the Attraction of the Sun, on 

account of its immenſe Diſtance, is above five times leſs than that 

of the Moon, ** all the Effects, caterzs paribus, will be above 

we times leſs. Now, ſince both the Moon and Sun act upon the 

Waters, when their Actions co-incide (as op do at Full and New 

Moon) the Water [riſes one fifth higher, and falls one fifth lower; - __=— 

and when their Actions are contrary to each other (as they are at 1 = 


the Quadratures) the Tides rife and fall one fifth leſs. Sir Iſauc —_ 


Neuton has ſhewn * that the Moon is capable of raiſing the Wa- Princip L. 
ter of the Ocean 10 Foot, and the Sun only 2 Foot; there-r 
fore when both their Actions joyn, the Water will riſe 12 Foot; 
t Sir ſack of Nate Matt a6. the See, . thiir, Hie Seed e e = 
er of the . Mee her FE (that is, their accelerating. Force) 72 in the ſame Ratio; „ L. 1. Ann, 
therefore, if the Sun and Moon were of the ſame- Denſity, their Attractions on the Farth and Seas 11. 

would be eſnal avben their apparent Diameters are equal ; but the Sun having about g times leſs Matter 

than a Men of the: ſame Bulk evculd haxe (that is, being about & times leſs denſe than the Moon) has 

5 times Jeſs abſolute Force, and therefore muſt have 5 times left Power to move the Sa. 
4 5 and 
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duces the Water to the oblong Spheroid In if 


Wate y into Bays, Gulphs, and Streights, 
we muſt not expect the ſame Regularity of Tides as we have men- 
+ © ond, any where but in the free Ocean; but if Circumſtances and 
Facts are rightly / examined, we may ſolve all the Phenomena re- 

lating to the Tides from the Principles above explained. That 
learned and indefatigable Aſtronomer Dr. Halley has given an 
laſtance ot it in che firſt Volume of the Miſcellauia curioſa, and 

Philoſophical Tran ſactions, No. 162. where he has enlarged upon 

Sir T/aac Newton's. Theory, and applied it fo ſeveral Caſes, which 
without it would be altogether unaccountable ; ſhewing by a Solu- 
bin F | tion 
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Book of Sir Iſaac Newton's Principia, and Dr. Halley's.Diſſertation' 
above mentioned. 'There they will ſee why the Water riſes to pro- 
digious Heights as 40, 50, nay above 60 Foot in ſeveral Places, 

as at Chepfiow above Briſtol, at St. Malo, at Auranches, in Nor- 
= mandy, Cambaja and Pegu in the Eaft Indies. Why there are no 
ſenſible Tides in ſome Places as the Mediterranean, the Caſpian 
Sea, the Black Sea, and the Lakes. Why the Tides are fo extraor- 
dinary at Tonquin in China, where there is but one Flood and Ebb in 
= 24 Hours, and twice in each Month no Tide at all. Why the Moon 
= muſt be a little paſt the South to make high Water in ſome Places; 
and why the higheſt 8 rag. + ides are not preciſely on the New: 
and Full Moons, nor the eaps on the Quarters, but generally 
the third Tides after them; on account of the Reſiſtance: that the 
= Water meets with, which hinders it from following the Moon fo faſt 
= as it would do if it covered the Surface of a ſmooth Earth. I ſhall 
= explain but one Thing more before I leave this Subject, viz. the 
= Phenomena of the ÆAgquinoctial Tides, which are higher near the 
vernal and Autumnal Æquinox than at any other Time; and leaſt 

of all at the Hol ice c. e eee e ee ab ie ee, 
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to know more of this Matter to the 38th Propoſition of the: 2d* 
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in the Middle; 1 and a the Earth at the Time of the Summer and. 


conſider What muſt happen to any particular Place, as Lucajo above 
mention d when it is Summer ies for that» Country; — at- 11 
If the Moon be in tlie Line A 8, that is; wlietlier it be Neu- or Filly: 
in the Syzygy, as Aſtronomers call it; AL will be the long Axis of 
the watery 8 and the Waters will be higheſt at L and A. 
Now Lucajb being at Noon at L will have higlt' Water, and - that 
in a Place Where tſie Spheroid is higheſt; but at Midnight Lucajo 
will come to L where. indeed it will have _— Water, but not 
near ſo higli as if it had been at A the Aut ipouęs of IL; the Paral- 
lel of Lurajo, that is the Plane of it (as well as thoſe of all the 
other Parallels or Circles in which the ſeveral Countries in the 
World revolve about the Earth's Axis) making an Angle with the 
Axis of the watery e the Whirl of the Surface of the Earth 
: : MM AS 2 3 „ 


tion of very difficult Phænomena, that tlie Theory. will reach all Lect. x. 
Caſes known and faithfully related. I refer thoſe” who are curious 


et C2 D repreſent the Orbit of the Earth, and 8 the Sum rl. 26. F. 8. 
Winter Sblſtice; 3 and 4 the Barth at the Euinou. Firſt let u- 


Left. v. is * to the Motion of the Water caus'd one the Sun and Moon's 
Action, and conſequently the Riſe of the Water is abated by the 
Shores carrying it another Way. At the Winter $9//zce when the 
Earth is at 2, Lucajo being at / at Noon has indeed high Water; 
but the Water is not near ſo high as at & the Antæci of Lucajo': 
But at Midnight Lucajo is carried to A where it has a great TO 
the Water SP there i in the higheſt Place of the P R 


cg ROE AR . 


niken fellows, that at the Summer Solflice the Northbra Cour, 
tries have the Flood in the Day Time higher than at Night ; but 
the Reverſe at the Winter F r : and the mh nh: i Wn to 
the Southern 3 ; | | r hats 
34. - 8 
= Warn the Earth- is at 3 or 4 iy the EA uinores are, 11 
Water is higheſt at C and D, the Sun being thaw! in the Plane of 

the Ægquator A Qʒ fo that every Country, that has had high Wa- 

ter in the Day Time as in the Hemiſphere 4 QC, will have 

as 2 Water in the Night 12 Hours and a half after; as in the He 
miſphere Æ 3 QD. TI 5 Force of every Place helx ding We 
alſo to raiſe the Water, every Parallel of Latitude having its Plane 
parallel to the Axis of the Spheroid. But this will appear ftil 

®?1. 26. F. g. plainer by the th Figure, where P 5 is the Axis of the Earth, 

| A Q the 2 N 2 » Q P the watery Spheroid raiſed by 
the Sun 8 and New Moon M, L, Lacajo having high Water at 
Noon; it is evident that when Luca 75 comes to / at Midnight it 

| will have the Water as high as it had it at Noon. The ſame may 

be faid of any other Pcs, as the Ant ci of Lucajo at N, which, 
when x come at Midnight to , will have as high Water as they 
had at Noon at N. 80 likewiſe will thoſe that inhabit a at t God] 

the Water in 123 Hours as high at & 


N. B. As the Now's 10 ; neareſt the Earth in the Winter, We \ hou 
the higheſt Tides in that Solſtice which makes the Wi; inter of 
our Northern Regions; and hence alſo follows that the greateſt, 
Spring Tides are not preciſely at the Time of the Aiquinoxes, 

but a little before the oo ndl, ae a Fes le your 8 eee 
8 M ee > Bet ans 5159113 16 elllengt with 
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Ny 55. * Pete + heavy Body „ Which being 
H | faſtened to 4 String or Wite hangs” aw th m A Point Where it IF 
14 ſuſpended! as the Pendulum 7 hang From tlie 
String C P. Now if ſuch a Body be lemoved from its loweſt: 
point P to any other Point as P3 as ho as it is looſed, it Will not 
only come down again to P from whence! it came, but Will go on 
W till it riſes up to on an. Height eq val to that. from which/it- fl; 
except ſo much as it is hindered by the Refiftarice of Air and Frie- 
W tion at C; otherwiſe it Would move for wards and backwards for” 
ever. That Deſcent and riſe of the Pendulum, as for Example, 
BH from. 7 to v, 4s called an Ofeillation or V ibration. 21 1er Srl 


JJ af 10 11 21585 2 10 


wa 


Tur Vis of Pendulunisaro many; . 'but hey are moſt" | 
y applied for meaſuring Time. The'whole Dot rine e Pendl 


4%. 05 already ſhew'd, dt ir there be an inch vi? 45 


filling along the inclin 'd Plane from A will be got no farther! than 
D, whilſt e Body ſetting out from the ſame Point A is fallen 
Z down to C the whole Height of the Plane; and that the Point D 
© is found by drawing a Perpendieulag from C (the Bottom of the 


I therefore there be ſeveral other inclin'd Planes from the P 
to the horizontal Line C B, as A E, A E, A G, Se. the Per 


which a Body falling from A will come in the fame Time; now 

nee all the Angles in a Semi- Circle are right A. les, upon the 
Line A C with the Diſtance A P (the Half of A may be de. 

| ſcribed round the Point P Semi- Circle which will paſs tro th 5 by 

Angular Points D, H, I, K, Sc. Let the whole Chele be co 

| pleated. The intercepted Parts of the Lines (or Planes) AB, A E, 

AF, A G, namely A D, A H, A I, A K are now. Chords of the 

Circle. Draw: in the-other: Semi-Circle, the Lines O C, N C, 
MCLE N. parallel to (therefore equal and <qually. 
inclin'd with) the Chords above mention'd... Now, from what has 


been faid it is evident that a Bod 92 will fall chro” all thoſe laſt 
, Chords. 
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wer C by the Pl. 26. F. 10. 


. bat; is, all that relates to their Pheantmena; "naturally follows from 


z what we have faid concerning the Fal of E Bodies. nh 


3 A 5 TY 2.11.0 whoſe Height is A C and Baſe C B; 4 Boch er. 25 F. 15. 


| vertical Line which meaſures the Height of the Plane) to the ers ++ No. 18. P. 
| 959-5 30, 331. 


Gele CH, C1, C E. wil ſhew the Points on thoſe Planes to] 
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| Left; v. Chords in aſt 1 Time as well as tes hb ig Therefore 


if a Circle be ſet upright, and there be ever ſo many Chords drawn 
to the lower part of che Diameter, a Body will fall in the Diame. 
ter (the whole Length of it) and in any of the Chords in the fame 
Time, thoſe, Chords that are moſt inclind being ſhorteſt; and ſo 
A ce ue. Nowa ſince ſmall Arcs of Circles differ but Ine from 
their Chords, Botlies: falling in ſmall Arcs of Circles, inſtead: of 
falling in their Chords, will deſcribe. thoſe: Ares in Times that ar 
ſenſibly the ſame . For Example; letia pendulous Body C by 
String C P hang; at P the Center of the Circle; then let 5 be fai. 
od from C to Mor. any Noint between C and M (or the fame d 
the other Side of C) as ſoon as you let it go it will fall to C in au 
Arc of the Circle inſtead of the Chord, and ſenſibly in the ſame 
Time, whether it fall from L, K, or I, becauſe, the "Choe: Ine 
or I C differs from its Arc L C or 1 C very little more than the 
d& diſfers from its Are CK. But if the Pendulum In: 
tall in che Abe N. M or M, L. C, it would be ſometlling lo 5 
in getting to the Bottom C, than if it had only fallen from K, 
8 the Arc NM C or MIL. C does exceed in Length th 
Chord NC or M C much more than the Arc C K does exceed 
2 fon CK. But if the Pendulum falling from M, be on 
d.inits Moxion by the Air, it will rife nearly up to H- whi 
high as M, and then there will ſearce be any Difference b be 
teen che Time of the Tendulum; 8 Riſe and Fall. F 
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Hexer follows, that if Pendulum be — —— red 
Arcs ot a. Circle, and being left to it {elf Jes a ly « 
© ol its Vibrations by the Reſiſtance of the Air, the Times: of he 
Vibrations Will be a little longer at firſt than at laſt; hut if the 
"Bod wales but mall Arcs at © bl All ats V ibrations without any 
2 E ſans ( * tO Ht 5 91) T A 8 1 3005 wy 5 0 
Aan dy Gul f ; 
n in Act 12 . unequal, a Body br tre Eh 2 6% 75 e 4 545 : will or 
33 in a Ae A ts Chord \ becauſe is ſet? out with a. greater 2 the Time of eg 
Diſs alt Che 440 of Fol el ie Clonal i Coy Ae, appar 
a e Chord bein e Dia en; it 
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ſenſible” Error may Wh decke iftchrondl at is perform in th ele 
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AN follows alſo, that whatever be theMetal of Kind of the 
Body which is made a Pendulum, ee the String be of the 
ame Length, all the Vibrations, if ſmall, will be perform'd in the 
= fame Time (ſince all Bodies tend to fall with the fame Velocity 4J* L. No. & 
by countin the Vibrations one may meaſure!” Time vi ery exact. 
W For tho ſuch Bodies, as are ſpeeifically i ghterthah « others; id Sener 

come to reſt by che Reſiſtance of the Air, and ſo they Will have 

fewer Vibrations, yet every one of thoſe "Vibrations Will be per- 
3 form d! in the lame Time. 1 369 11 115 211 G oh i 8113-6 in 
„ e ee goiniun h gude: Ach A he den bns.. 
1 * B. This! all ber bes bern ſaid befor * de- 
H evidenr- by Bxper im Mga! "EIROSTION 511 £1 Ze £ A di qu 
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bo. EEE triangular Board c Wen Rite 
WW ic of a Circle dia en from the Center 4 wt 10 c | 
WT ther drawn round the Center 2 to ꝙ on the other Side Di- 
WW vifons'on each Side are equal. From 2 and 6 let the too Bas or 
pendulums han 24 as juſt to touch 455 1 95 When Ger 
Ju 257 
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loweſt; WBiclr Sey will do becauſe the Points e 

Tom ene Anotherthe Diſtance of the Bells Colter, 191 A 
Y be raiſed to 5 87 Or 9; and the Ball B = 7 CHA and youler 
W them go be of at the Une" Tit wo they will 1 10 tho? 
= they have de hee Ne Arcs; and 10 they,» lle Ae Arcs be 
as different as they can he ace > üpon this iaſtrument, t leaſt 
far as Sight can . when the biggeſt Ate is not of on 30 
20 Des as it cannot be in this arent ind e w 
et, ag K * | 1 * 14 41. 14 f . 
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e 115015 Fg 2 ory 01 Het en: 
| 025 — _AzuT.th 2 Pin for Center. let the Pendulum 5 18. 
having firſt lifted it from F to P, anc it will deſcribe the Arc P Fe 
Ans up tos e ſenſibly as high as P in the horizontal Line P z 
Then at the Point A, the Middle of the faid horizontal Line, 
17 in the Pin A, and the String of the Pendulum vill be check! 
and ſtopp'd by that Pin; but the remaining Part of the String be- 
.low from. A to F will he at Liberty, ſo. as to let the Pendulum tit 
up to B a Point in the horizontal Line above mention d in an Arc 
. a Circle whoſe Radius is A F. If the Pin be fix d at a, the Pen. 
dulum will riſe in the Curve F. D; and if two Pins he fixed at 
and c, the Pendulum will riſe in the Curve FE, made up of thre: 
different A 5; of which the firſt has its Center at — BN OE and 
"the aſt a at C. Thisſhews (as has been already explainec DThat whatevn 
"Curve or C ur uec a Pendulum riſes in after its Deſcent, it wil 
0 4 to the ſame Height from whence it fell, except, what mu 
£ allowed tor: tbe. Reſiſtance. of, 1 the Air; the Velocity of. the Pen- 
e loweſt Point F being. he 2 would: have agquir'd 
directly from A. :and, tl it Velogity, is capable of car. 
3 wing the Body (in ſuch, FY DireSion. as Gravity cannot act againſt 
1 ee the Space A F LA an, 45 Ped in the fame Time 
na "ne {thro the, pace. A E by J an accelc erated b che . 1 
p lhe ade wh by 
| P. eien, oi or tl; —— — 20 659 ifi 
4 Trift ea ni 9d 10a 11 28 2997 70 my i 


ExPFRIMENT XIX. Plate 27 Fig. 2. 


20 3. To a String about . 40 Foot long from the Center C hang 
"th Pendulum P, Which when at Liberty will hang down; to p and 


wing in the 4 8 Prom ee Pure onthe Arc 5% mes 
a rv 94s 


the Arc þ 27 Which will be a Line ſenſibly Lai 
_Zontal; the. yer 5d bak Toh an Afe being oe abc halFon Inch. 


i. 


Diameter of * Pendulum beyond 2 fix 2 


ver- 


. 


obſerve the very Inſtant of Time that a Mark in the String of P comes 


qually and exactly, Regard being had to the Length of the Pendu- 
„ „ 


their Vibrations; tho' the Times of Vibration will not be as the 


AE BG, and D F B are two Circles whoſe Diameters A Band 
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Pendulum a little above p, Then having raiſed the Pendulum up 


to Pin the Line H h, that is, juſt one Foot high, let it go again and 


to the Point #, that you may juſt then let fall the Body H from the 
horizontal Line Hy to the Obſtacle M; and you will find that the 
Ball H ſtrikes M at the vey Inſtant that P ſtrikes the Obſtacle O 7 
at 7, P moving horizontally the Space p which is two Foot, while 
H falls the Height H M which is but one Foot. This may be done 
ſo exactly that the Sound of the two Strokes will be but as one. 


64. Ir has been obſerved, that a Pendulum, whoſe Length is 8 
Inches and 2 Tenths (Engliſh Meafure*) from the Center of 2. Ann. 9. 
Ball to the Point of Suſpenſion, will perform one Vibration in one 
Second of Time; that is, 3600 in an Hour. It has been tried with 

a Pendulum of 50 b Weight made of a lenticular Figure the better 
to cut the Air, and a fine Steel Wire was uſed inſtead of a String; 
and with ſuch an Inftrument the Vibrations have continued a whole 


Day, Hence it is that Pendulums will ſerve to meaſure Time e- 


I. 


#. 


65. Tu ſhorter Pendulums are, the ſhorter will be the Time of | 


Lengths of the Pendulums, but as the ſquare Roots of their Lengths : 
as for Example, a Pendulum of 13 Foot and near an Inch long (that 
is, 156, 8 Inches) which is 4 times as long as a Pendulum that ſwings 

Seconds, will perform its Vibrations in 2 Seconds; and if we would 

have a Pendulum to go twice as faſt as the Second-Pendulum, that 
is, to ſwing twice in a Second, we mult make it 4 times ſhorter; that 
is, 9 Inches and 8 Tenths. The reaſon of it is evident from the follows 
3 DEMO NS TRATION. Ph 27. 2 TA 3. D Pl. 27. F. 3. 


DB are to one another as 4 to : ; 1 it has been demonſtrated, * L.; No. if. 
„ „ that 


16d. V. iat if a 2 fa thro? a certain Spares: as A,B, in any e determi. 
nate Ii ime; it will fall thro? only 3 of that Space, as D B, in in half 
| that Time. But it has alſo been proved that Bodies will fall in the 
| of a Circle in the ſame Time that they fall in the Diameter ;+ 
therefore a Body at tE will fall thro' the Chord E B in tu ice the 
lime that a Body at F will fall thro?, the Chord FB. Now as the 
Chord BB diess from the Arc E B (or is ſhorter) in the ſame 
Proportion as the Chord F B diſſers from its Arc F B (both being 
ſuppoſed, Ares of the ſame, Number, of Degrees) the Difference 
will be proportionable in the Deſcent of the two Pendulums C E 
and c F; conſequently E will be twice as long coming down to B, 
as F coming down to B; but the whole Vibration rebich carries up 
E to G, and F to / will, in both, be double the Time of their e. 
ſpective Falls. Therefore a. Pendulum, to vibrate erer as faſt s 
he ps 988 bel S Worter. . the We ay 2 Ke +. . 


Pla. F. 4. eee XIX. Pl. 27. 84 4. 


| o the horizontal Wire W of the Stand 2755 5 in the 13th 
Figure of Plate 25, whoſe Top is here expreſſed in Fig 4, bang 
2 Fendulum C P whoſe Length is 39, 2 Inches, and upon the ſame 
Wire a little forwarder han the Pendulum c of a re of that 
Length. Let both Pendulums fall at the fame Time from any Wi 
Height to which they have been raiſed, as P and , and you will 
find that.p will be 95 to J abend aving erformed its whole Vi ation) Wi 

when P is only come to. B; when P is come to FE, the 


rn G 
1 fr r 


2 


is come to E, then P is come 

back from f to 3 When P is ep back to B, 5 ig got to 7, and 
at laſt when P is come back to P, y will alſo be come to p from 
hence it firſt ſet out; ſo that the two Pendulums will begin to 
fall together, eve! other Stroke the ſhort one vibrating i in gig - 
cond, ein the long one vibrates 1 in hole u te 1 10 2112 


4 1 3 
a, if A FS 2 


rl. % F. 3, a HEIN NT XX. P. 27. Fig. 5. 1 2 
axes an * Bar, either ſquare or round, Soviet! it R oft the 

ſame Thickneſs in ali Farts, whoſe Length muſt be 38, 8 Inches, 
meaſuring from a little Hole to receive the Wire of the Stand to its 

End; and having thruſt the Wire through its Hole at A, and ſuſ. 

pended a Second-Pendultnn at C, let both go down from P and B 

at the ſame Time, and their Vibrations will be 7/ochronal, that is, 
133 in the fame Lime. This ſhews that any ſtreight, even 


25 ſquare or wund, of any Meta eee, will La”: 50 | 
8 ibra- 


5 f 
Ws 
— 


N Wheat in the ſame Time that a Pendulum of J of the: Leng My buy” 
of it vibrates ; as if the whole Matter of the Bar had been collected 
into the Point p, which is therefore called the Center of Ofcillation. 
N. B. If any Per/on holding & Bar, as A B, af its End A, 
| ſhould ſirike a Blow with it, the greateſt Stroke” poſſible 9 8 
with the ſame Strength would be made when the Len ä 
p firikes againſt the Obſtacle 3 for this Reaſon, that Point, 
which is here the Center of EY mey er be called 
the Center of Percuſſion. @) 


66. A Pendulum is very ſacceflully. pte to ) Clock. work f fr 

meaſuring equal Time, as may be ſeen by looking into any Clock. 
But to ſhew 1n what manner 1t regulates the Motion, one Example 
will be ſufficient, which I give here in deſcribing a little Clock or 
= Chronometer, which Mr. George Graham contrived and made for 
= me ſome Years ago, ſo exact as meaſure a Wall Part oe N ime 
b ery nicely, even to the 16th Part of a Second. 1 82 


To one End of an horizontal Axis is fixed a contrate Wheel Wm | 
120 Teeth, and, at the other End there is a little Barrel which on 

s.outſide receives the String of a little Weight to turn the Wheel 
round; the Wheel with its Teeth moves an horizontal Pinion of 
15 Leaves (or 'Teeth) fixed to the ck 1 of a vertical Axis on 
Y whoſe: Top is the Balance Wheel, which is a contrate Wheel of 15 
3 askew ; that is, one Side of every Tooth is perpendicular to 
2 the Plane of 77 5 hed, and 85 7 77 cut on quely Ty a COTE 


X- ed 4.3 


of the! Skew-1 Peeth « on dhe op 22715 Sides * the DE PEE 1 wav 
5 ſuch manner that not one of the Tre of apt Wheel can pals 
without a Stroke be made againſt each Pallet. to give a quanter 
bf a Turn to the Axis above-mentioned. ,. At the other End of this 
Axis is fixed 2 Wire, at whole End is a Braſs Bob whoſe Center 
of Gravity: is diſtant from the horizontal Axis 2, 45 Inches, that 
is, near two Inches and a half, or the : 16th Part of the Length of 
| a Pendulum vibrating Seconds, Therefore, as the Weight carries 
the Wheei-Work round, the Skew-Teeth of the Balance Wheel 


muft ſtrike the Pallets fixed to the horizontal Axis about which 
77 a). bn ome wy of Rodi peg Cats” of Ofcil Auen 82 4. Center Y Percuſlon is — hs fone; 


þ the th that Matter bring foeige to my freſont Purpoſe, T hall Jay no" more oof it here: 
: B b b 2 0 the 
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376 X# A Courſe of Experimental P brloſophy. 


Let. V. the little Pendulum moves; and as that Pendulum, on account of 
is Length, vibrates 4 times in a Second, + and there muſt be , 
* 40. 64,05. Strokes againſt the Pallets for every Tooth that paſſes by in the 
Balance Wheel, ſo there muſt be 2 Swings of the Pendulum, or half 

a Second in Time, for every Tooth of the great Wheel that is brought 

forward by the Pivion (whoſe Number of Teeth is equal to that of 

the Balance Wheel) and as the great Wheel has 120 Teeth, there 

will be performed 240 Vibrations of the Pendulum whilſt the great 

Wheel goes round; therefore an Hand or Index fixed to the great 

Wheel will go round in One Minute pointing to 60 large Diviſions 

for Seconds on the Dial Plate, which Diviſions are again fubdiyi. 


ded into 4 to ſhew the Quarters of Seconds. But then beſides this 
there is a Quadrant of a Circle of a Radius equal to the Length of 


the Pendulum, which is divided into 4 Parts by 5 little Braſs Ping, 
fixed to an horizontal Axis ; which Quadrant ſerves not only as a 
Detent to ſet the Machine a going in a 16th Part of a Second, but 
alſo to ſtop it in the ſame Time, the Pins Ropping the Pendulum 
in any fourth part of its Vibration; for in fixing the Pins, Regard 
was had to the Time of every fourth part of the Vibration, the 2» 
Spaces between the Pins next to the loweſt Part of the Quarter of 
the Circle which the Pendulum vibrates in 5 of a Second, being f 
TURION 6600 TION US TVINE 17 UNE-TIOT NT 


Tus Chronometer is of great Uſe for meaſuring ſmall Parts of 
Time in Aſtronomical Obſervations, the Time of the Fall of Bo- 
dies, the Velocity or running Waters, and fit for many other Pur- 
poſes, where a ſmall Space of Time is to be meaſured nicely, as 
rom 3 or 4 Seconds to a Minute or two; but it is not adapted to 
meaſure long Spaces of Time very exactly; becauſe, tho' it ſeems 
to vibrate exactly a quarter of a Circle every Vibration, yet it does 
not uy do fo, and the Difference of the Lengths of the Yibra- 
tions in ſuch large Arcs makes a Difference in Time; and however 
ſmall that Difference is, yet a great many of them create a ſenſible 
Error. In this Machine, there is ſometimes an Error of ; of a Se- 


* 


cond in 14 Seconds. This is a Fault which all Clocks are liable to, 


that have ſhort Pendulums which ſwing large Arcs of a Circle. 


„ 65. Bur there is a Curve, which is neithera Circle nor an Ellipſe, 


in which all the Vibrations of the ſame Pendulum, whether jor 


or ſhort, are performed in the ſame Time, and when Clock-Wor 


amt. Aa waa IH cer awd aud ted Fi A tk. 


Time may be exactly meaſured. 15 205 whey is a Ga, 'of "4 
which here follows the Deſcri ption. ? 304 ee ee 
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68. IF a Circlin in a vertical 1 Poſition rolls along the horizontal ine 


FPlane, wil ley u op ths Line pr: bbs at 2 "Gini the Circle has | 

rolled half way, having deſcribed the Curve A 2, from whence (as 
| the Circle goes on) it goes downwards in the ſame kind of Curve, 
W till it comes to touch the Line A Bat B; the Point C, which was 
W uppermoſt at the beginning of the Motion, having been down at c 
hen A was at 4, and now being returned to & when the Circle 
zs in the ſame Poſition as before its Revolution began. The whole 
Curve A a B ſo deſcribed is called a Cycloid, and the Circle A C 


I x is evident from the Formation of tlie Cycloid, that the Baſe 
of the Cyc/oid is equal to the Circumference of the generating/Cirs 
cle. * other Properties of the Cyc/oid have been demonſtra- 


ö | ous to repeat here; therefore we ſhall take them for granted and Craig Pi- 


I about Pendulums. 18 * | 


69. Let us now invert. (ths Geli, . 60 ans A B At — 


that if from any Point in the Geloid, as E or p, there be drawn a 
Line parallel to the Baſe, and from tlie Point Ks ere that Line cuts 
the generating Circle when it has performed half its Revolution 
95 is, when it is at G) there be drawn a Chord ſuch as D or 
D, the intercepted Arc of the Cycloid, as E D or p D will be 
lobe the Chord e D or 7 D; and ſo one half of the Qeloid, as 
AD will be double the Diameter G D of the eneraing: Circle: 
Now ſince it has been ſhewn that a Body will fall in the ſame 
Time in the Diameter G D, and in the Cres 4 D; D, a Body 
muſt fall in the Arcs AD 7D and e D in equal I imes; becauſe 
each of them is the double of the above · ſald Lines G D D;'4-D 
and e De ſo that when a Pendulum — 4 in N ih a the 
N however: uoequaly are iſochrona T ge 246: 


Is a by a Pendulum moving in that Curve, a long Space of Cor _ 


| the phat” Circle, and the Line AB the Baſe of the Gelid. Ft Ara, 10. 


ted by Mathematicians, + whoſe Demonſtrations it would be tedi=+ pr. Velth, 


mention them as we have Occaſion . nn in our 1 wow, 2 


hep the Cycloid underneath. * It has been demonſtrated, * Pl. 27.F. 7. 
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= - Iect. V. No , in order to make a Pendulum ſwing in a Cyelord, then 
= V have been contrived-cyclojdal Cheeks on each Side of the Centet 
= of Suſpenſion, that the String applying it {elf to them ſhould ſhox. 
ten the Diſtance of the Pendulum from the Point of Suſpenſion, ſo 
as t9 make it deſcribe 'a-cycloidal-Arc inſtead of a circular one, 
The cycloidal Checks are thus made. Let the half Cycloid A Dh 
transferred to CB ſo that the Point D may be on B, and the hat 
Cycloid B D be transferred to C A ſo that the Point D may be on 
convex ſo as exactly to ſit thoſe Semi-cycloids, and a Pendulum as PH 

the Length C D/, double the Diameter G D, has its Point of Suſpenſion WR 

juſt between theſaid Cheeks at their Point of Contact C, ſuch a Pendu 

lum will no longer vibrate in the Are H DI (whoſe Center is C and 

Radius the Length of the Pendulum) but in the Gyc/vid A D EBU 

_ the ſhortening ot the String as it applies it ſelf to the cycloidal Cheek 


* 
1 


ad n Kt —— r . 3 


Tu is another Way to make a Pendulum vibrate in Arc 
ſo nearly .cycloidal as to have no Error in their Meaſure of Time 
matt r e e Pendulum very long, and making it on Wi 
„ uibrate very ſmall Arcs. For Example, let C D be a halt-Seton! WM 
P.᷑ to al about 4 or 5 Degrees. It is plain that the Circle and 

cloid co-incide at D and ſome Degrees on either Side; there 
the Pendulum that ſwings in the circular Arc H D I, deſcribing 
only! the; Part of it P, may be conſidered as ſwinging in a.cycloidal 
reg and if it ſhauld ſometimes go from D only to 4, it would 
| ſcribe; that little Arc in the fame Time as the greater Arc D J. 
N. B. It is better to uſe the long Pendulum than the cycloidi 
Cheeles; becauſe if the String or Wire, by which the Pendulum 
hangs, ſtrikes ſtiongly on the cycloidal Cheeks; tlie Re- action of 
thoſe Cheeks, which are in ſome meaſure elaſtick, will add to the 
Force of Gravity by which alone the Pendulum muſt ſw ing to have 
its Vibrations iſochronal in a Cyryord; ſo that when any ſuch Shock 
happens, the Vibration will be too quick But the long Pendulum 
Wichont a very great Shock (ſuch as would) ſendit up to y) W ill act 
O ſenſibly vihrate ont of the Cyc/0id as to cauſe any Hrror in iir 
Meaſyte of Fime. 80 chat is now uſed very fucceſsfülly in Clods 
for keeping Time at Land; tlie Shocks at Sea being too great to 
. ; have a 10ng Peadulum Clock go ſo Well ina Ship. Wort rio 


70. BEFOR'E we quit ay n mproper « 
| to mention a remarkable tre vor 1 25 — h 105 15 vis, 0 
that it is he Line of rhe fb; Beens; 2 that is, if a Bod . isto 
move from A to D, * there is no 'Line of arty kind 9 9 2 
| drawn from the upper to the lower of thoſe Points, along 
Body will deſcen ſo faſt as in the Semi- cycloid A D; wt or an 4 
Arc "4 A Cirele, n. = even the ſtrezght Line A 'D, tho? it be ſo much. 1 
ſhorter; for the Body at firſt ſetting out from A. deſcends in f 7 - _ 
ſteep a Direction (that is, is b anch acted upon by Gravity) that. : _— 
it acquires a great 'V elocity ſo as to carry ĩt the more ſwiftiy in | the | 
E lower Part of the Curve which is kb ſtecp: and a circu ar © Arc- 
= which would be mere ſteep at Bottom is lets Þ at Top. If an in- 
E clin'd Line as A E, be drawn from A beyond the loweſt point of the 
: Cyrloia, and A Body goes wn that Line, whilft another runs from 


ite ſame Point along the (5c hi, the greater Celerir 4545 Bod 

| in the Cyr loi wilf Rl appear more evidently. ' This Prope _— 
and that of having the Deſcent of a Body from any Pie "3 f . 
verted) Cycloid to 3 Bottom, PAR in _ fam 1 woe 8 : 
© illuſtrated by the es per aK aN 


1715 1 1 10 e th 1 n þ 1 101,1. ONS 24 & \J A 18 . | | 
A ; . f „ExI P * ry 1 M E N T. 1. 5 5 7 Þ * » 210i . * Pi. a7; F. 8. | P 
g I 7 3 2 IT 
Wi. Thin Machine B HM'D B, reprifonted By the: 1 5 
made of Wood about 10 Inches hi 8 long and 2 Inc 4 


W thick, From I to E it is cut into a Channel as wide at Bottom as 
at Top, in the Form of a Semi-cyclbid ee F the loweſt Point ' 
being at E, from whence: the Channel is contiaued horizontally for 
che | coats of a Foot from E to G, 25 Walls of the C Pre 
ing H H and I I, and this Channel is v fmooth;and divided in- 
% two Channels by a thin upright” Braf e L from the 
| Top between H and 1 to 7 5 Ahe End at G. Upon, Fed Par- 
| tition are mark*d Diviſions, which from F to & are equal, but un- 
equal from F to I in fuck! manner 7$ to ee equal Heights, 
H the Beginning of the Channel i is 5 8 above the Level of E, 
OO are two wooden x s for he Channels, and to be fixed in 
any Place by means of a Skrew at the End of each oF then, [The 
whole Inſtrument may be ſer. upright” and horizontal by means of " 
three Skrews ſuch as C, C, a the Plummet N M. ap 


| Ry A * > 
| Two Brak Balls, of half Tnch Diameter each, are to move * 


the twWo Channels. 
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t, will go 5 Inches beyond F, each ſtriking 
e ſame Time as the 


and 3e 
by one 
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down in the Cyc/o;d will, be 2 good. Way beyond C, when. th 
Ball running in the ſtreight Channel is juſt got to it; as may ſtil 


; 72. WHE N a. Pendulum of a proper Length to ſwing Seconds 
is applied to a Clock; there is yet another Error which it is ſubject 
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and three Minutes in a Day. 


FROM theſe Obſervations on Pendulums Sir Iſaac Newt 
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wo, ariſing from the Nature of the Materials. For all Metals ate Leck. 
ſubject to be dilated by the Heat and contracted by Cold; fo that 


inſtead of a String) be adjuſted to its right Length in the Winter 
Time, it will become too long in Summer by the Heat, and there- 


fore vibrate too ſlow ; as on the contrary, if it had been adjuſted in 


Summer, it would be ſhortened in Winter by the Cold, and by its 
quicker Vibrations make the Clock go too faſt. The Difference of 
Length in a long Pendulum Rod will ſometimes amount to about 


the 4oth Part of an Inch, which in many Vibrations will make a con- 


ſiderable Alteration in Time. But there is a Contrivance of a Skrew 
to raiſe or ſink the Weight of a Pendulum; ſo that one may keep 
it always to its due Length, regulating it with a Thermometer. 


The May to meaſure the leaft Alteration of Dimenſions in Me. 
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tals ſo as fo make it ſenſible,” I ſhall ſhew in the Noten.! Ann. 14. 
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73. Bes1Dt's all this, Pendulums are liable to alter the Times of 


their Vibrations an account of the Figure of the Earth, which 
is an oblate or flatted Spheroid like a Bowl, the Earth (as we have 


1 


_—_ mentioned) being about 31 Miles higher at the Æquator 
than the 


Poles. For when we travel Southward, we ſhall find our 


long Pendulum Clocks (beſides what was allowed for the Heat) 


to go too flow, as Dr. Halley and ſeveral other Aſtronomers have 


obſerved, who were obliged to ſhorten the Pendulums of their 


Clocks before they could make them keep true Time. Mr. Richer, 
in order to examine this Phenomenon fully, mad; vations on 
applied to a Clock) for 10 Months together, and found, that a Pen- 
— to vibrate Seconds under the Aquator muſt be about one 
which the Clock, which it regulates, will go too ſlow between two 


8 


* 


„ 
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ſhews what the true Figure of the Earth is; tho? contrary to tlie 
Opinion of ſome: Gentlemen of the Royal Academy of Sciences at 


Paris, who aſſert that the Earth is an oblong Splieroid (like an 


Egg) higher at the Poles than the Æquator about % of the whole 
Diameter. I ſpall, in the Notet, ſhew'how theſe latter came 0 
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che diurnal Rotation 


all the Waters towards the Æquatorial Regions, which would there. 
by be drowned, whilſt not only the Polar Regions, but even the tempe- 


rate Zones, would be left dry. And if tlie Earth was ever in a fluid State, 


ing it the diurnal Rotation that it has, it muſt from 4 ſpheric 
put on a ſpheroidical Figure, ſwelling under the Æquator till it 


or its Subſtance was ſoft and yielding, the Author of Nature giv- 


came to have the Figure that it now has. A ſwifter Revolution 


round the Axis would ſtill make the Difference greater between 


the Equatorial and Polar Diameters. And this is Obſerved in Ju. 


. piter, which, by ſome nice Obſervations of that late ingenious Aſtro- 
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5s part longer in that 


of the Diameters, ſuch as that of Jupiter; and fill the 


„ 1 1 ef 
4 4 A = * Te S* % . 


nomer the R. Mr. Pound, appears to have its Æquatorial Diameter 
longer tlin its Polar Diameter, agrecable to its ſwifter diurnal Re- 
volution, which is performed in about 9 HoT. 
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Upon an Axis of Iron, that could be made to turn ſwiftly (by 


means of the Wheel of the whirling Tables, whoſe String wear 


* 


round a Pulley fx2d to the faid Axis) I ſlippꝰ d on two Iron Hoops, 
whoſe Planes interſected at right Angles, e two-Colures, 
which, being ofa Spring-Temper, ſtood at firſt in ſuchi manner as to be 
Diameter that co-incided with the Axis, than 
in their Æquatorial Diameter; this Proportion being the ſame that 
Mr. Caf/in: ſuppoſes to be between the Axis and Equatorial Dia- 
meter of the Earth. Two circular Plates, to which the ſaid Hoof 


were rivetted, had ſquare Holes, thro' which the Axis paſsd, To 


that the two Poles of the oblong Spheroid, which the Hoops de- 
{cribe in their Revolution, might approach together in ſuch Man- 
ner,” as to let them put on the Form of a true Sphere, when, by the 
whirling, the Æquatorial Diameter of the Machine fwell'd and 
over-powet'd the Elaſticity: of the Hoops. A greater Degree of 
Swiftneſßs turmd the Sphere into an oblate Spheroid of Sir Iſaat 
Nemroms Figure: A Velocity ſtill greater males the Diſp ee 
quatorial 


Diameter increaſes with the centrifugal Force. 1555 
7 e ee ANOTHER 
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p with a. Catch, repreſenting the 
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cumference; and an Index apply d to the Frame, ſne ws the Increaſe 
of the Dime ee ee ee e 10 agen 


As ſoon as the Revolution of the the Machine ceaſes, the Co- 
lures, Meridians or Hoops, return td heir elliptical Figure, whoſe 
vertical longeſt Diameter is the Axis of Revolution. 


Tnos z that would know more concerning Pendulums, may 
conſult Haygen's Poſthumous Works, and Dr. Fohn Keils Introduc- 


tio ad veram P ſicam at the latter End; where there are ſeveral 


Propoſitions concerning the circular Pendulum, which I have not 


room to ſay any more of in this Place, having already made this 
Lecture too long; but yet I cannot put an End to it, þ ore I have 
2x acquitted my ſelf of my Promiſe, to give an Account of the Bow 
= or Spring, ſo far as it is a mechanical Organ, Oo 


75. Tri 5 is ſo univerſally known, and the Practice of 
it ſo generally underſtood, and withal ſo natural and eaſy, that all 
Mankind, in all Ages of the World, and in every Quarter of the 
ſet habitable Earth, even among che moſt rude, ignorant and 

barous, as well as among the moſt civil, polite, and learned, 
E have been found expert and skilful in the Uſe thereof; and even 
= in all that vaſt Tract of Land, extending ſo far towards the 
North, and towards the South Pole, wherein ſcarce any of 


thoſe mechanical Engines which depend upon the Balance, or 


Beam, was known, namely the Leaver, the Capſtane, the Pul- 


ley, the Screw or the Wedge, nay where the Uſe of the Roller 


and Wheel was altogether unthought of; yet even through all 


this vaſt Tract of Land, and in all the adjacent Iſlands,” the Peo- 
ple were found very dextrous and skilful in the Uſe of the Bow, 


and knew how to convey the Arrow by means thereof ſo as to 


hit and pierce the defign'd Mark ; ſo that it ſeems to be an En- 
gine moſt obvious and eaſy to be contrived by Mankind: And, yer 
after all, I do not find tliat any one of the Ancients and Moderns 


tain Theory, and Calculation; tho? divers have written much con. 


cerning it, and have made many Attempts, and Experiments about 
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ſhews (in the Experiment) the Increaſe of the uatorial Cir- woy= 


it; till Dr. Hook of late reduced it to a Certainty, by ſhewing, 
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in the ſame Proportion wit 


F Experimental "Philofoph 


That the Power of a Spring, of what kind ſoever, does encreaſe 


preſſion or Condenſation, Diſtenſion or Rarefaction; ſo that if the 
Strength of one Pound, moves it one Degree out of its natural 


State, then two Pounds will move it two Degrees, and three 


Pounds move it three „ and ſo on. Now this mechanical 
Organ, contrary to all others I have already ſpecified, receives all 
the Power or Motion which is impreſſed on it, and retains it till 
it be left at Liberty, or no longer any farther extended, or forced 


with greater Power; but then, inſtead of proceeding and going 


forwards in that way in which it had been moved, it recoils, and 
goes quite back again in a contrary Direction; and by Re.-act ion 
exerts all the Power and Motion it has received upon the: Bodies 
it meets with in its way as it goes back, and carries them with 
reat | Swiftneſs; as having received all the Power that had by 
enſion been impreſſed on the Bow by the Strength that bent it. 
By this means all the Strength of the Arm exerted to bend the 
Bow one way, is by the Bow ſuddenly communicated the contra- 
ry way to the Arrow, which makes it move with that Swiftneß 


and Speed after it is diſcharged, continuing the Motion by the firſt 


Law. Now; here poſſibly may be enquired, how it comes to paſß 


that the Bow, which in its bending, or drawing, is only moved 


by a ſlow and heavy Motion (nay, it may be, is kept ſome Time 


ſtill, and without any Motion at all) ſhould yet retain ſo great a 
Quantity of ſo fwift a Motion or a Power of producing it, in ano- 
ther Body, tho? as to Senſe it ſeems to have no Motion at all of 


its n; whereas all the other Organs, which produce or eſſect 


ſuch a powerſul or rapid Motion, have that Motion ſenſibly acting 
in them, when they produce their Effe&t, proceeding directly for- 
ward in the ſtreight Line in which they moved before tlie Stroke; 
ſo that there 1s nothing but the Continuation of the whole acquir'd 


To wuich I anſwer, that tho? the pliyſical Reaſon of the Pow- 
er of Springs, may not poſſibly appear ſo evident to Senſe as that 
of a Weight lifted up and then let fall; yet it is much of the ſame 
Nature, as it may be made plainly evident; for as in the lifring up 
of a Weight to a certain Height, and thence letting it fall, the 


Power of Gravity makes that Weiglit deſcend back again to the 


er; and ſo in its Deſcent enables it to exert as much Force or Pow- 


Place whence it was liſted, with greater Force as it is lifted high- 


its Tenſion, whether it be by Com. 


Y r r 4 c E 
AC R 85 | 
J he pe EST 2 5 ; 
| 0 4 


eine oe - be te 
4 


e cc... r Qs A 0 on 


2 _— = — as Ms. cm 


. a a. 


4 
=” 
1 
5 
M 
3 
8 
. 
* 
M 
= 
= 
I 


a II . 


as it is directed (whereas Gravity only acts downwards) fo as in its 
Return to exert all that Force and Power, which was ſpent in 
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der Foot high, and (continu d) a third Foot high : But in a Wk 
it is otherwiſe; for if the Force of one Pound be requir'd to ben 
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eras was ſpent in the lifting it up to ſo great a Height: So a Spring, Le | 
which has a Power like Gravity, or an Activity equivalent to it, . 


and within it ſelf, but with this Difference, that it acts any way 


bending it to that Tenſion ; and as the Motion of Gravity or De- 
ſcent, whatever the Velocity of Motion was that raiſed the Weight, 


carries it back to the Place whence it was rais'd, by one uniform Pro- 


oreſs of Acceleration, which is peculiar to the Power of Gravity, 


as we have ſhewn ; ſo the Recoil of the Spring, with Whatever 
Velocity it has been bent, unbends it ſelf by ſuch Degrees of Pow- 
er and Velocity, as are proper and peculiar to the Nature of 


Springs, which, as I mentioned before, are ſo much the more pow- 
erful, by how much the more they are bent; ſo that to make the 


= Compariſon exactly to anſwer, we muſt not conceive a {ſingle 
Weight to be lifted up, as in the Example of Gravity, becauſe 
the Power of Refiftance of Gravity, in ſach a Weight, is the ſame 
Fat the laſt as at the firſt, as to Senſe; for the ſame Power that lift- 
ed ſuch a Weight one Foot high, at beginning, will lift it one Foot 
| higher after it has lifted it to that Height, or a third Foot after a 
ſecond ; for Inſtance, if the Force'of a Pound Weight will lift it 


E 


| one Foot high, that Force of one Pound continu'd, will lift it ano- 


the Spring one Inch, then there muſt be the Force of two Pounds 


to bend it two Inches, and three Pounds to bend it three Inches; 
W f that the Power of a Spring may be more properly repreſented 
by the lifting up -of a Chain, or a String of Beads, or Weights 


that lie on the Ground; for in lifting up the firſt Link, or Bead, 
| there is requir'd one Pound, for inſtance, but lifting it higher 


there riſe two Links or Beads, and fo the Force of two Pounds 


ss requir'd; and if higher, three Links or Beads rife, and fo on: 


or more exaftly yet, *tis repreſented by lifting a Cylinder of 


| Timber endwiſe out of the Water, which is of near the fame ſpe- 


| higher above che Sur 


ciick Gravity with the Water, or forcing Water to riſe in a 
Pipe by a forcing lu; for in theſe Caſes, as the Cylinder is rais d; 
a 


muſt increaſe in the fame'Prop , 


that of the Spring; and ſo èither of theſe” Examples becomes a 
| moſt proper Inſtance to illuſtrate the Power of the Spring, and the 


Manner 
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face of the Water, out of which it it rais d, 
| lo does the Gravity of it increaſe; and the Power that lifts it 
orkion, which is exactly the fame as 
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L. . No. i. farther off, * according to a certain Proportion, which makes the 


Sir 1/aac Neuton; the Power of Gravity is determin'd and brought 
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V. Manner of 


| the Velocity or Motion of falling Bodies, as it was firſt found ou 


vity in all the Points, or the 3 of Deſcent are mathe 


its acting, and tho? the Cauſe of the Neceſſity of th 


a Increaſe of the Power to move the one, be more ſenſible and intel 5 
. 54 than the like Neceſſity of Increaſe to bend the other ; Jef p 


it we. further proceed to ſhew the true Reaſon and phyſical Fx. 
plication of the Power of Gravity, we ſhall find it to be as diff, 
cult, and as far remoy d from our Senſe, as the phyſical Cauſe an 
Reaſon of the Power and Increaſe thereof in the Spring; it i 
enough therefore for Geometry, to know, that the Phenomena ar 
ſo, and. thence to examine and demonſtrate the Conſequences: tha 
will follow, Now the Power of Gravity in accelerating Wl 


fecting of the Theon 


and diſcover'd by Galilze, fo was the pe: [ 1 
heavy Bodies in inclin 


thereof, as to the Motion of Deſcent o C 
Planes, and the Curvature of a Parabola, very far promoted 9j 
him, and many curious Theories concerning it gde, as We han 
ſhewn in this Lecture; and the ſame Theory has been farther im. 
rov'd, and carried on by Torricellius, and others allo ſince hin 
But all theſe proceed upon a Suppoſition, that the Power of Gr 
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matically equal and uniform; and indeed, as to all Motions. of ter 
reſtrial heavy Bodies, they are found ſo as to Senſe; but as to ms 
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thematical Exactneſs and phyſical i they are really othe: 


wiſe; that is, the | Pergendiculars of Deſcent are . not”. paralk 


9 


7 


one to another, but converging and Browning nearer 7 2 er, as 
they approach nearer to the Center of the Earth; and the Power 

of Gravity in every Point, of thoſe, Lines, is not equal and unt 
form, but ſtronger as it is nearer the Earth, and weaker: as it 1s 


Curve Line of a projected Body not Part of a parabolical Line, 
as Galileo, Torricellius, and the reſt have ſuppos'd ; but perhaps, 
Part of an Ellipſe, one of , whoſe Foc: is in the Center of the Earth. 
Notwithſtanding which, the Theories and Problems deduc'd geo- 
metrically from them upon ſuch Phenomena as they had then dif 
covered, and upon the Hypotheſis they had thereupon taken, arc 
8 valuable; and the DeduCtions truly made and demonftrated, 
Which is the utmoſt Performance that can be expected from Geo- 


metry, But now theſe Things have been carried much farther; b) 


% 


to a Certainty, by what Degrees it decreaſes the farther; it acts from 
the central Body; by which Means the true Reaſon of the Motion 
of the Celeſtial Bodies, and the Lines or Orbits in which the 
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and the Velocities with which the 
rfectly Ane we. have fully. explained, ...___ ee eee 
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7 Tin this, the Example taken from Gravity i is = 1 faid * 
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ravity : it is the contrary. | 


ger, as it i8 the more bent, that 1 15 
e bending; and conſequently, ( 
Wequal) the Velocity of the Body..movid- 


in the Gme Proportion with 


= mRQ . 
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Ihe ſame Proportion wih the Degroe of bendin ; whether" it be 
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: om or ſhorter, that is; the farther the s 
er is the N Motion of its Reeoil, and the leſs 


; ing, 4 longer, or a. ſhorter 8 
I bk the ſame, or 2 boos, which is the ſame 
W of x Ferdolm, whoſe Weight is mov'd in a C 
ue ſhewn. 4 55 [7311.49 ff 1 2112 3 * 30 XL] * 2 - 
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Ms 18 would lead FR to explain ſeveral Things concerning Bl. 
ſiciey, and the Laws of elaſtick Bodies in their Congreſs ; as. alſo 
the Effect of that Propert: 4 
Sounds; but theſe Things 1 al 
this bing already dale f. at a Bulk. . A 
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; * defective, for N the Effect of a recoiling Spring, upon 
| ow | for in the Spring, the farther it is r 0 


= T H E Effect es of the Power 0 the Spring, in this par- 
Weicular, maſt be "fought out from the Theory "of the Nature of 
Jpringing, which is, as I but now mentioned, 5 ger and ſtron- 
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EF Three, Four, Five, or any Number of Forces aft upon a Body x 
the ſame Time, the ſame Rule will ſerve to ſhew the Line in which 
the Body will move, which will be the Reſult of all the Forces compound. 
ed. As for Example, if four Forces, whoſe Quantities and Directions ar 
repreſented by the [ Lengths and ; Poſitions of the Lines A B, AC, Ab, 
AE, + act at once upon a Body at A; (firſt let us draw Ba and a Cr: 


* 


ively equal and parallel to the Lines A B, and AC, and having 6 


compleated the Parallelogram A B a C, let us draw the Diagonal Az, i 
which the Body mould mope if only the two Forces A B and A C att 
Pon it. Now having hewn, that the Body, by only” one Force, uno 
antity and Direction are repreſented by the Length and Pofition of A;, 
would move juſt” as it does by the Action of the two Forces A B u 


AC; ve may conſider them as only one Force Aa, which comparing 


with the Force A D, we ſhall have the Diagonal A 2 of the complete 


Parallelogram A a 4 B, being the Line in which the Body added upon by 
the three Forces AB, AC and AD will move, juſt in the fame manner 
as if only two Forces, as A a and AD had ated; upon it. Three 


Forces therefore”. being thus reduc'd to one, repreſented by A a, we ma 
| agonal At 


ly wi 
N. B. M bich ſoever f the folr:Forces.you' bly 201th,” ibe 7 int. A's wil 


” 
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of the compleated Parallelogram A 4 « E, che Line in which a 


always be the Diagonal of the laſt Parallelogram. 


In the ſame manner may be found the Reſult of the Actions of a 


[- the Space in which the Body moves is carried, &c.] 
When we do not attend to this, we often make very wrong Judgments cor 

cerning Motion and Percuſſion, miſtaking: an oblique Stroke often for 

perpendicular one, and and a perpendicular for an oblique one, and dra. 


ing falſe Conſequences from Phenomena on account of thoſe Miſtakes 


pl. 28. F. 2, This will more evidently appear by a Scheme. (See Plate 28. Figure) 


GH BA and AB DC are two equal Squares or Parallelograms gs 


» SY 
«= 


= 


noon a <4 ad Gparacd from each ia oa by the Plane or Line AB; dials. | 
and there is a or raping upon the Line G A from G to A. F irſt, Leck. V 4 
let us ſuppoſe the fall * from G to A in this Situation of the Paral .]. 
18 ag WW and thy ara ABDC will receive the Blow of the ** Fl. 28. F. 2 
fall Bog: a: the Stroke being made in a Direction perpendicular 
| AE. hen Tor the Parallelogram G H B A be ſet before the other, 
5 A the Line G A may be direfly before A C, and the Line H B 
before B D (or, to conſider it more mathematically, let thoſe Lines reſpec- 
tively co-incide) then the Body falling from G to 7 will alſo deſcribe the 
Line AC perpendicular to A E. hirdly, the Parallelograms being till = 
before each other, let the Body fall again along the Line G A now before —- 
AC; but at the very Beginning of the | Fall, let the Parallelogram G H AB „ :M 
= (which has the Body) be moved horizontally i in the Direction A E, fo as 1 = 
= to come into the Situation B E F D, when the falling Body has mov'd its | r 
= Length G A, whereby. it will be got to D inſtead of 0 the Parallelo-ꝛ l 
= gram AB DC. being "all this while immoveable.. By this means the Bo- | . 
dy, carried in its Motion by its own Parallel ram, will haye deſcribed on 
= the Parallelogram. ABD C the Diagonal: A D, whilſt it has deſcrib'd 
on its own Parallelogram only the Line G A, now repreſented by B D. 
Y 80 that a Perſon, ſuppos d to ſtand in the parallel am GHB A when it 
iz before A B D C, and not to be ſenſible of the Motion of the Parallelo- | 
etiam in which he is carried, will ſuppoſe the Motion of the Body to have 
ü 5 ab/olutely in the Line B D — — to A E, when i it was only 
| ative ſo, but Jt hour in the wy AD oblique to A E, as we have 
= ſicwn. in the Lecture. Fourthly, let us ſuppoſe the Parallelogram + No. z. | 
= GH AB. to ſtand upon the other A BDC, and to be mov'd horizontal- „ 
Nati f 5. Whüld the Body is falling from C to A, ſo as tobe in the 1 8 
Poſition H IE B, when the Body is come down to A, which is now „ 
& transferr'd to B. A Perſon, who 1 2 not attend to this lateral Motion, | 

| will imagine the Stroke at B to be made in the Direction HB 
cular to AE; and the more fo, becauſe the Force of the Stroke will "4 | 
no greater than if the Body had mov'd in the Perpendicular: H B, on ac- 
count of its i For tho by the Motion | of the Parallelogram, —_— 
| which made the Body go in the Diagonal G B, its Velocity. (conſequently ß? _ 
its Momentum) is increas'd in the Ratio of G A to GB ; yet the Force of ä 
the Stroke, on Account of the Obliquity, muſt again be diminiſh'd in the 
Ratio of & B to G A, or of the Radius to the right Sine of the Angle, | 


. TrpꝙꝓꝙPFFFpFpß / ( 


— 


| 
, of Inclination, as we have ſhewn in the Caſe of oblique Trafion.* - | - 1 54 7 
Fifthly, Let us ſuppoſe the Parallelogram G H B A upon the other Pa- 
e AB D C, as we ſuppos'd at firſt ; but the Body to move down - 

j- ine HB. In that - Caſe the Body will ſtrike the Parallelogram „„ 
1 Ty CD at B in the Direftion, I B pe * . — to AE; and if the 1 5 
„upper Parallelogram be ſet before the lower one, the Line B D and B H 1 5 

e ave N the Vu io fall) wr me of the Bad) to came down by an's 1 | | ES 
0 „ Motion, 2 225 the E e the 2 5. equath indi nt 7 ___ "8 4. Os 
i WE; Motion as accelerated. | | __— 
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FI. 28. F. 2. grum AB DBC. which we will ſüppoſe to me 


D: 
2 Man carried along in the Parallelogram ADG. if he was not Terk 
Di 


For hr the Parallelogram AB DC is come into the Bs, We 1 x 5 the 
Body will have "deſcended from B to 4 which! 


and when the Parallelogram A B D C is come to the Poſition B E F 


. it has really deſcrib'd the Line BD perpendicular to A E, abe 
A B DC which laſt is to move horizontally the Length BE, "whill 
the Parallelogram A'B DC at the Point N inſtead of, B, the Point A be. 


; hs Obliquity of I B is the fame as that of G B, Jet the Force of the 
Stroke is greater in that Caſe than in this. For in that, the lateral Mo- 
tion of the Parallelogram, that carries the Body, is a ſecond Force added, 
the Combination of which Forces do really carry the Body, in the Diage 


of the Obliquity of the A le GBA: but in this laſt Caſe, the Body de- 


Aer, will be Jeſerib'd — the ſame II * 17 Neef, of the Body dy bet. | 
. lar to AE. 4 F 3 Sit 4 203 ou ent o 


_Sixthly, Let as Parallelogram GHA B EN f 

c behi 

dy goes domn from HI to B, which Points are now in the Poſition. of 
and 55 ſo that the Body ' may de come down its whole Fall to D, 
when the Parallelogram A 'B DC is come to the Poſition” BE FD te 
Point D being come to F, and the Point C to D, where it meets the By 
dy, inſtead of the Point D, to which the Body came "before. In this Cat, 


ble of his on Motion, would imagine e to have really deferib' d the 
E oblique to AE, which was onl 58 deſcrib'd; for 
y abſolutely deſctib'd no other Line, but D perpendicular to A E 


the 


1 
perpendicular I. ine of Decar'h BD. an . TW 


agonal be, and the 


quently ſeem to have deſcrib'd 6 t, Wells it has only deſcribd B 1: then, 


ot, 


* . DR” r N rr 214 
A RES Eo eb a ITS JFF 


9 
25 r R r 
0 


when the moving Parallelogram is come into the Pofition & b Ne the Body 
will be at the Point 2, common to the Diagonal þ «, and the Line of De- 
ſcent'B D, ſeeming to have deſcrib'd'Þ 2, when it has only deſcrib'd LE . 


Penſon carried in it, and not ſenſible of his own Motion, will 4 5 the 
Body to have deſctib'd the whole Diagonal E D oblique to A When 


A. 


Laſtly, i as ſuppoſe the Parallelogram G H B A rele upon 


the Body falls from H-toB; In this Caſe, the Strole will. be rece 15d by 


ing now come to the Place of B juſt as the Body comes A it. The Strote 
will alſo ſeem oblique as if it had come in the Diagonal TB, and-rhe more 
ſo, becauſe its Force will be leſs than if the Stroke had been made at the 
Point B of the moving Parallelogram, in che Ratio of I B to HB, that i, 
of the Radius to the right Sine of the Angle in which the Thug 
ABDC by its lateral Motior receives the Stroke. jira * ens 


13 


N . The Difference betnirt this Cute and the ch i. his; That the 


nal and increaſe its Momentum, whoſe Effect is only diminiſh'd on account 


ſeribing no more than the Perpendicular HB, has no Increaſe of Momer- 

tum, the lateral Motion of the Parallelogram AB D C adding no Force 

to the . but on the Tonteury leſſening the Effect 7 its e by A 
TIES 


„ „ 


] that underſtand A 7 
on Account of his. Obſerra ations, and the 
chem, in the Philoſophical 7 ranſattions,. No. 406. But as the Princi on 


W der for unde andin 8 Mr. Bradley's 1 5 9.1 ſhall juſt explain ſo — 
ei as wi ſhely the Application of what we have ld of oblique 
o, 190 at the 
Wc the, Earth out of D. 


celving, the e trols of it 0 2 quely, 00 that at 


had only" been in the Pofition 4h d c, when the Body had run down its P 
whole Length HB, ir would have 77 75 the Stroke on its Point | « 
now at B, and the Obliquity would have. appear rd leſs, the Direttion of 
the Motion ſeeming 9975 Obe in the Line B, which alſo would have 
taken away lefs from the Force of the Stroke. But if AB DC had mor d 


= . than we firſt ſuppos d; then the Obliquity of Motion would haye 
Y d greater in Proportion to the Obliquity of the Stroke, whoſe. F orce | 
5 would | 


ve been more 1e diminil d. 
Many are the Uſes of the Truth ES we an been 1 


only in Mechanicks, but all mix'd Mathematicks. T'll give one Inftance - 
W of 1 4 in Opticks, by ſhewing how the annual Motion of the Earth about 
che Sun is a certain Conſequence of ſome Obſervations ng the fix'd Stars, 


made by that curious and accurate Aſtronomer the Rev. Mr. James Brad- 


hy, Savilian Por Fi. e 


and ſpherical 


ſequences he 1 Wang from 


hitherto explain d in this 1ſt Volume of my Courſe, do not qualify the 


"fame Time oY! * e L 


2 Digreffion here concerning N of 7 Ch Hen che Mo. 
W tion or Stability of the Ear, and the, Methods which. org been! us 
W for the ſettling that Font. 3 vd. not i, ee 

Tho the Hirſt Notion, chat the rarlieft Obſervers of che ' 


ons, ane / diſcovering the Roundneſs of che Earth, muſt (in all Pein 
2 1 75 that the Sky with the Sun, Moon, and Stars, turn round tlie 
rth, as 4 fle Center; yet ſome hilolo hers very early, taught, re 


che Son ve in the Center of the Syſtem, and that the Earth and all che - 
Planets revbly'd. about the Sun; 1 a8 Pythogoras Philolgus and others. But 
Piolemy and his Followers, maintain d the d different Opinion, which agrees 


with the common Notion of the Vulgar, who imagine the Earth; a vaſt 
Body in compariſon. of the Sun and Planets, and immoveable, as their Sen: 


ſes ſeem to inform them. But as Aſtronomers came to oblerve the Mo- 
tions of the Planets, . whoſe apparent Irregularity could not be accounted 


for upon the e of the Stability of the . Earth; and the Sun was 
diſcover'd to be yaſtly. 
Motion of 94 Farth, 2 ; 
Day and Nigh "and; af the 

as the atinual 1 ſolves all t Phenomena of the Seaſons, and clears 


on all the Difficulties FO to the Stations and Retrogradations of the 
Ddd 2 Planets; 


2 
3 A 20 4 Th FE: he 


B. 11 be Proportion of I B to Anoora. 
e's the Paralelogram AB DOC had 1570 hoer; as for ee if. it N 


in the Univerſity of Oxford. "Thos 
mf ometry, may read his 


Moti- 
ene of 5 he M orion 


er than the Earth; likewiſe that the Diurnal 
ut its Axis, would. ſolxe all che Phenomena of 
er other. Motions aforib'd. to the primum Mobile, 


I. 28. P. 2. 
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Annotat: Planets; moſt People receive the Opinion of the Earth's Motion reviv'd by 


Lect. V. Copernicus, as the moſt -reafonableSoppoſition'; bur. Till, wichout a Demon. 
tration, this could be but a Sappoſition; tho? the, Uſe of Teleſcopes, inven- 


* * 1 "3: £ * as Mi 


. mn ty . r $2.4: ab 4 ii | 
ted in our latter Ages, very much -increated the Probability of the Copernican 


Hßpotheſis, by ſhewing by the Phaſes of Mercury and Venus, that. they mult 
indubitably move about the Sun, and not the Eafth. .,Philolophers therefore 


*  endeavour'd'to make fuch Obſervations'as might give a Demonlttatian one 
annual Parallax in the fix d Stars; the Manner of which will be eaſily 


* 


Pl. 28. F. 3. underſtood by the zd Figure of Plate 28. 


E Oe tepreſents the Orbit of the Earth, whoſe longeſt Diameter is 
Ee, S a fix d Star, which an Obſerver at E ſees by the viſual Ray $F, 
which is at right Angles with the Diameter E e, and with the Plane of 
the Ecliptick EO Let us ſuppoſe this Obſervation to be made in Furr , 
then half a Year after, when the Earth and Obſerver are gone from E 
to e, all the Diſtance Ee from the Point E where the viſual Ray SE is 

perpendicular, if the ſame Star be again obſery'd, it will no more be ſen 
by a perpendicular Ray as s e, but by the oblique Ray Se, the Angle 
from the Perpendicular being 8 e, which is equal to E Se, the Angle 
under which the Diameter of the Earth's Orbit would be ſeen if the Cb. 
ſerver was at the Star 8; and this is called the parallactick Angle. It is 


» * 


* 


. - evident, that if the Star was as far again from the Earth, as at ziv 
ſtead of 8, the Star would be ſeen by the Ray Ze, and the paralladick 


Angle would be as little again; and therefore, that the farther the Sar 
is in Proportion to the Diameter Ee, the leſs will the parallactick Angle 
be: So that if the Star be at an immenſe Diſtance from the Earth, the 
Diameter Ee ſeen from the Star (that is, in reſpe& to the Diſtance of 
the Star) is but a Point; therefore the parallactick Angle yaniſhes, Now 
the Fatt is really ſo; for when the Earth is come to e, the Star being at 
an immenſe Diſtance is ſeen by the Ray 3e; which, tho” it makes un 


Angle with the Ray SE, yet as to Senfe it ſeems parallel: to it. This 
has made the P7olemaicks triumph in their Opinion, and fay—that the 
Orbit E Oe is only imaginary, and that the Earth never ſtirs from the 
Place: E; becauſe the Star appears always in the ſame Place, the right 
Angle which 8 E makes with the Plane of the Ecliptick (deſcrib d by 
the Sun, and not the Earth) never changing. The Copernicans have always 
auser d, chat the want of Inſtruments ſufficiently exact has been the 

' Keaton, chat the Angle of the Parallax could not Be obſerv'd, and accor- 
dingly kate cadevour'd'to fix the moſt accurate Inflruments in the bel 
manner for that Purpoſe. - Mr. Flamſtcad fix'd an Are of a Cirde to 4 
Wall, in order #0'obRrve's ' Parallax in the Pole Star, which he thought 
to berof 430 er 45, Seconds; but tHat Obſervation could not be depended. 


upon, becaiiſ@it; ic pot prpbaple, chat the Wall, to which he B d. his L- 


77%Gͥꝙꝛ in. che ſame Poſition: In all its Parts, from 
ue Solſtice to'the other,” Dr. Lot pretended” to have: found a feaſible 
Parallax in the fix d Stars, oblerving it in the brigh Star in t e Head of 
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dhe Glas to be pot diz leſt ConcliGons ſhould be dray 


in the Head 


Hrcco; py A _ pr 46 1551 Ach aſia i; 4 rd deter but Aaabtat, 
| with a Teleſcope of 36 Foot, which” could eably be rettified for that Leck. 
Purpoſe; but his Obſervations, which," had been looked upon as very ac“ 


curate, were erroneous; as has appear'd' by Mr. Bradley's which we 2 
ing to mention. Sir Ia ant Weir Was 

Non the Earth; but ie did it from the Laws of Gravity,” 1 7 1 

from aſtronomical Oblervatio 1s.” He was very e of Sor Pg 8 

to ſuch” Obſervations as others e Je ths Parallax” of che fix'd 24 


ſrom; and when Mr. John Riley had ground an Objett- Glas to fix in 
one of the Towers of St. Paul's Church, at the Top of the Newel of 


the Stair-Caſe, Which would ſerve as a very long Tebis to obſerve the 
Stars near the Zenitli;, in order to determine their Paralla he forbad 

nin fo material a 
Point from precarious Obſervations,” looking upon n them to be ſuch; be⸗ 
cauſe the Building mißt in ſetrling alter the Situation of this Teleſco 
pick Tower. Another Way is mention d by Dr. Gregory in the gth 


Section of the 3d Book of ks Marder, which, is this: Suppoſe the two 
= Stars 8 and 1 * to be in a Line, ſo that an Obſerver in the ſame Line at E, Fl. 26. F. *. 
miſtakes them for one Star 8; it is certain, that 2 the Obſerver , be re 
moved to e, or any ſenſible Diſtance from E, the Sta 

| becauſe now the two muſt ſubtend the Angle 8. 23 and ſuch an Obſervati- | 


r will appear double, 


on does not depend upon the fixing of an Inſtrument to an immoveable Point, 
or much Apparatus; a Teleſcope arm'd wick a Micrometer, being ſuffici- 


Wt for that Purpoſe, © There was Hope of making an Adyantage of ſuch 


an Obſervation, becauſe Mr. Caſini had obſerv'd ſeveral Stars appe aring 
double or triple at one Time, and fingle at another; as the firſt” of Aries, 


that in the Head of the firſt of the Gemini, that i in Oriow's Sword, and 
ſome of the Pleiades; but upon further Examination they did not appear 


fingle and double at 111 Month's Diſtance, and in a Manner agreeable o 


what muſt be expected from the Parallax; ; but the Phenomenon. of 


Stars appearing ſingle or double was owing to ſome other Cauſe: And 


the Diſtance of the fix d Stars is ſo very great, that even the Re 
the Eartlr from its Place 166 Millions of Miles, is' not able 5 m 
Giſcover- Stars that are behind one another. 3 PTS Ore. 

As d great man) learned Men did not underft a Sir Tas: Newtox's 
Principih, and therefore did not acquſeſce in his Proof of the Earth's Mo- 
tion dedue'd from the Lays of Gravity; and thoſe that did underſtand. 


his Bob, were yet willing to have 4 collateral Proof from aſtronomical 
Obſervations ; ſeveral*Petſons have fince attempted to obſerve à Parallax 


in the fix'd Stars ; and in the Year 1725, the late honourable Samuel Mo- 


Imeux Eſq; with an Inſtrument, made and contriv'd by that curious 
Member of the Royal Society, Mr. George Graham (40 much more exact 


than Dr. Hows, *that#without it we ſhould {ill Temain my great Uncertain- 

ty as to the Parallax of the fi e Sears) began to dhſerve the 8 Sa 
of Dach (mark d y by B Bajer) is pats d nent the Ze 

er n alſo obſer vd it along with him ; and from many "Obſer-" 

vations 


e firſt that demonſtrated the 4 


* 


"4 * N 
* 11 ds © F f 
9 * 4 F is #* 


2 L 3 9, Seconds of a Ds! in eptember 


1.2: „. Halle from the Mae's, whoſe 1408 eſty is hogs to his great 


ee er Rd 


8 vations. made 1 an Care, it _—_ that, is ch aw was more north. 


arch, juſt the " Contrary 
Way to what it ought. to be from the fuer Parallax of the fix d Stars 
18. 44 is, the Obſeryers, who in. September ſaw, the Star at S. in the Line 
E in the, March follow ing, inſtead. of ſeeing it at 8 in the Line 65, 
ſee it 18 o in the Line eg. This ſtrange Appearance puzrled the Obſer. 
vers, and Mr. Molyneux "ed before the Cauſe of it was diſcover d. Mr, 
Bradley with another Inſtrument of the ſame > bind, made alſo by Mr. Cra. 
ham, obſery'd the ſame Appearances, not only in that, but ſeveral other 
Stars, and being By many Trials fully ſatisfied, that the Phenomenon was 
not. owing to any Error.in the Toftrument z he confider'd. what might be 
he Cauſe, and found that. it. was; really, Wy to the Motion of the 


arth, and the | ion of Light, So that now the Motion al 
the Earth is a r y altranomical Gblervation. This Diſcovery, of fe 
great Conſequence to 


D 


* 
— 
„ 


my el hy, 


2 


onomy, which has been attempted in vain for 
many Ages, and at laſt - made in in. the Year A708, is yet mention d no- 
555 that I know of, but in the Phleſrigts Tranſations,. in a Letter 


| Skill in 9 75 Ha d this, been found 4 ont by 4 eigners, 
before this Lime. It i is ; ſurprifing,, that in "the Time o five: Years, fince 
the Publication of it, none of the learned Gentlemen abroad, have talen 
Notice of it, either to object againſt, or acqui qieſce in torn aut 
This ſhews us, that the Parallax of che fix d earn. is eh Froalls 
han has. been hitherto ſuppos'd. by. thoſe, who have pretended: to deduce 
it from, Their: Oblexyations,, for inſtead of, many Seconds, it does not 4+ 
mount to one. follows, that the aboye : mentioned Star in .Draci's 
Head, 1 is above. "400000. times farther from us than the Sun; that Light 
moves as far from the Sun to the Earth in 8 Minutes and 13 Seconds, 
and that. the, Motion; of the Earth in its annual Orbit, is ſlower thun 


hb kg 


1755 of 115 5 jag So tho” His, 8 mes at che rate of about 


— az” us wn a> talk. wh tal © 
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Vary to, appear, a 1 5 i 


© what me - me e 
946 Fara 44 1 


had: mos e d 5 rod, cm 9 
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10 


vw bac 


ich 115 Sr is propagated FI 
1 Way in right ] ines 3 but we will here "coalides only two, of thol 
ays or Lines, wiz, SE and S e. E e is a Line, in which, the. Obſerver, 


e wick ue L th, is carried. 5 the anus Oben me 2 


7 


Fry ''# ty; 


Rr . aa. : * Lad 2 TY a my TW 


| Farth l 
the Line E . $7, by . "means. of the Particie of Light which Thould 


Se, will. come. to the Oblerver s Eye, 
1 ſtrike it in the Dj rection Se, as it t 


4 5 | 
W ith 55 E, 
E 1 ol. 


E through Ef; 1 2, whilſt the Earth goes through 7g; 2 3» whilſt the 


Farth u 6 53 W 
the Earth E Aft 25 


| ke, or what is the ſame, to have 6 times the Velocity. of the Earth; 
| then the Diag onal SE being carried laterally, when the Particle of Light 
| 18 come to 1 _ the Earth. (cart rying, the 7 Parallel 


| the Diagonal will co-incide with 2 in t hs e Perp endici ular, an and the 


85 make out Explibation che eg, we an lag redlillnest; 55 and 2 Anne 
b conſider the Motion 05 Light to 0 6 times ſwifter than the Mo- 
ton of the 1% {© that a Particle, of 


Part of the" Line 8e, as 8 1, r 2, 2 3, Sc. the Farth will go 1 ah a 
Fink was ke Re R of Fe Line E e, as Ef, fg, g b, Cc. Now if the 
ſt at E or e, an Obferyer from it would ſee the Star in 


come from 8 to E, or from S to e; but he would neyer ſee the Star in the | 


4 Line es, as if” it Was at * But Nik we. ſuppoſe. the. Earth ſetting out 


from E to move if the Lane Ee, at the ſame time that two Particles of Light 
ſet out from the Star 8, the one to move in the Line SE, and the other in 
the Line 8e; ** it will follow that the Earth will have left the Point . 


b | before. the Particle of Light coming in the Line SE can be atyiv'd; at the 
Gervers Bye, tien wilt de at , when the aboye-mentioged, I | 


of Light | 15 at. E. then the other Particle, © -which came in the 1 IN 
ſt, 25;the; Earth comes, to We 
aid Particle had come from 55 be- 
255 177 0 Ws ber 1 19, he Live ine Se, perp endicul 5 
1 Ee, makes, h im. rec 
as, oblique ; as. 22 5 oe 
"Tor if, we ſuppo 
.tq move 17 75 in the 
770 coming from t tar, Et in the 
de, with ſich a Velocity as to go through 8 I, whilſt the. Earth, 7 


Rad th goes through. Hi; 4.5, whilft 
rough i &; and Hüh 5 6, whilſt the Hach bees through 


ogr en toy, 
the Point @ in the Diagonal will ca nede with the e 1, in e R 7 
Se, or Line of Motion of the Particle of Light, which by chat Neun 


vill ſeem to have mov d in the Line 8; when the Earth is ys in 


13 to 1 * deſcrib d 4 Y; when the TO is at hb, c wall co-incide with 
3; when the Earth is at i, d will co-incide with (or be brought to) 43 


when the Karth is come to ł, d will co-incide with 5 5 5 and; laſtly, when. 
| the Earth is at e, E co-incides with 6, and the Particle of Light tems. to 


have deſcribed the Ray or Diagonal S E, which mult , Neger trans fer d 
to its Parallel ge, becauſe the Earth is now remov'd to ez ſo that 8. Star 
which becomes viſible to the Obſerver by the Line or 15 ay 8 e, does (on 
account of his Motion in the Line Ee) appear to him to come in the 


1 Ta Beeaufe of the imme Diſiance of the Star, abt 'mift eonfuder he Un SE, 47 equal 


* ne 


i icht ſliall go through the Line veg 
AE or Se, in the Te time chat che Farth & des through the Line, Es. Pl. 28. F.4. 


It Will then follaw, that whilſt A Particle of iht Wo through any 


ine pl. 28. F. 4. 
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388 4 1 Experimental Philoſophy. 


Annotat. Line 5 e; whereas if the Obſerver's Place had been immoyeable; he mus 


Lect. V. taye ſeen the Star at 8, and not at . If then the Obſerver, as the 


EAN Earth carries him along, looks through a ; Teleſcope, whoſe, Axis make 

N 'the Angle 8 Ee with the Line of the Obſerver 8 lotion Ee, when E 

comes to e, he will ſee the Star at 3, which he could not do, if his Ie. 
* was directed in the Line EA or es perpenditular to Ee. 


N. B. Since the Line 8e is really, I 0; 210 times Jon mer than th the Lau F 1 
© Becauſe Light moves ſo many times faſter than the Forth, low - ſmal 
. 51 BE rhe Angle AES (=Ses) be? 44 bow nice the ee h 

ober ve h an Angle ? ? Yet we find by repeated Trials, that the . 
Zi 85 does perform it; which fbews Mr. Graham's great Accuraq, 
*avbich will be remember 2 as lung as Mr. WITS: . . * i 


. frawing the 0 ;onſequence. 1 


| 5 '[5; Page 308. Thoſe Parts o PR Pint ortes,. 6b are FO i t 
21 will move faſteſt, 8&c.—— The Squares of the Periodical Tit mes, &c. an 
be Cubes of their. Diſtances, &c. J Sir 1/aac Newton has in the gt 
Section of the Far Book of his Principia, confider'd all poſſible Ci 
of Yortices, of which I have only taken that, which is W in the 
11th: Corollary of Prop. 52, as the. moſt obvious. I refer the Curious u 
that Section, which would be tod long to infert here at full Length; bu 
the latter Part of it (viz. the 5 zd Propofition, which is applied to the Ca 
Tefian Hypotheſis to ſhew its Bee, making it appear, that it 
-impatiible 7 for the Planets to move in Yortices) I c oughe proper to trad 
_ cribe here; as well as Part of his general Schotunt,, at the . of li 
. which f is to the ſame Pur poſe. 5 
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| Bodies carried about ina vas ind returning in the ſame 'Orb, are of 
the ſame Denſity with the Vortex, and are moved according to the ſom ſam 
Law with 1 Ws of the Venen, as 1% V. 1 . N Ry Mr 
Fon, 1 es 
Fer ic any u Cal Pare of 990 17 whoſe Pliricles or ns ical Poin 
Pi a given Situation among each other, be ſuppos'd to be congeal's; 
this Particle will move according to the ſame Law as before, ſince 10 
Change is made either in its Denſity, Vis inſita, or Figure. And agus 
if a congealed or ſolid Part of the Vortex be of the fame Denſity with 
the reſt of the Vorter, and be reſolv'd into a Fluid, this will move accor- 
ding to the ſame Law as before ; except in ſo far as its Particles now be. 
come fluid may be moved among themſelves. Negleft therefore the Mo- 
2 tion be of the Particles among themſelves, as not at all concerning the pro- 
greſſive Motion of the whole, and the Motion of the whole will be the 


other 


ame as before, But this Motion will be the ſame with the Motion of 
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Solid, now reſolv'd into a Fluid, is become 


Parts of the Fortex. Therefore a Solid, if it be of the ſame Denſity with < 
the Matter of the Vortex, will move with the ſame Motion as the Parts 
thereof, being relatively at Reſt in the Matter that ſurrounds it. If it be 


more denle, it will endeavour more than before to recede from the Cen- 


„ wh 
1 F * 
1 . 
4 * % . a off® 1 ” * 
8 4 N. 2 


other Parts of the Vortex at equal Diſtances from the Center; becauſe the Annotat: 
perfectly like to the other Lect. V. 


ter; and therefore overcoming that Force of the Vortex, by which being, 


as it were, kept in Agquilibrio, it was retain'd in its Orbit, it will recede 
trom the Center, and in its Revolution deſcribe a Spiral, returning no lon- 


it will approach to the Center. Therefore it can never continually go 


round into the ſame Orbit, unleſs it be of the fame Denſity with the Fluid. 


But we have ſthewn in that Caſe, that it would revolve, according to the 
ſame Law, wich thoſe Parts of the Fluid, that are at the ſame or equal 


Diſtances from the Center of the Vorten. 


Cir. 1. Therefore a Solid revolving in a Portex, and continually going 


ger in the fame Orbir. And by the fame Argument, it it be more rare, 


\ 


round in the ſame Orbit, is relatively quieſcent in the Fluid, that car» 


MER c£-- ©. 


may reyolve at any Diſtance from the Center of the Vortex. 


Cor. +, And if the Vortex be of an uniform Denſity, the ſame Body 


; 1 
. 


FR e e ee e e e e eee, 

Hence it is manifeſt, that the Planets are not carried round in corpo- 
MF 7 ee Is Hi 1 5 TE * TT EF! 4 8 =. 0 * Fo $# 5k * 4 . : 1 
real Vortices. For, according to the Copernican Hypotheſis, the Planets go- 
ing round the Sun, revolve in Ellipſes, having the Sun. in their common 


1 8 
* # 44 


Focus; and by Radii drawn to the Sun, deſcribe Areas proportional to the 
Times. But now'the Parts of a Yorrex can never revolve with ſuch a 
Motion. Let AD, B EF, CF (Kl. 8. Fig. 5.) repreſent three Orbits de- 


ſcribed” about the Sun 8, of Which, let the utmoſt . Circle C F be con- 
centric to the Sun; and let the HAphelia of the two innermoſt be A, B; 
and their Peribelia be DE; therefore a Body revolving in the Orb CF, 
deſcribing by a Radius draith to the Sun, Areas proportional to the Times, 


will move with an uniform Motion. And, according to the Laws of Aſtro- 


nomy, the Body revolVing in the Erb B E, will move flower in its Aphelion 
B, an] ſwifter in its Peribelion E; whereas according to the Laws of Mecha- 
nicks, the Mitter of the Vortex ought to move more ſwiftly in the narrow 
Space between A and C, than in the wide. Space between D and F, that 
is, more ſwiftly in the Aphelion, tha in the Peribelion. Now thele two 


Concluſions conttaditt each other. So at the Beginning of the Sign of 


Virgo, where the Aphelion of Mars is at preſent, the Diſtance between the 


Orbits of Mars and Venus, is to the Diſtance between the ſame Orbits at 


as about 3 to 2; and therefore the 


Matter of the Fortes between thote Orbits ought to be ſuifter at the Be- 


the Beginning of the Sign of Pi/ces, 


a 
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Pl. 28. F. 5. 
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ginning of Piſces, than at the Beginning of Virgo, in the Ratir of 3 te 
2. For the narrower the Space is, through which the ſame Quantity of 
Matter paſſes in the ſame Time of one Revolution, the greater will be 
the Velocity with which it paſſes through it. Therefore, it the Earth, be- 
ing relatively at Reſt in this celeſtial Matter, ſhould be carried round by 


it, and revolve together with it about the Sun, .the Velocity of the Earth, 
at the Beginning of Pi/ces, would be to its Velocity at. the Beginning of 
Virgo in a /eſquialtera] Ratio. Therefore the Sun's apparent diurnal Mo- 
tion at the Beginning of Virgo, . ought to be above 70 Minutes; and at 


the Beginning of Piſces leſs than 48 Minutes. Whereas on the contrary, 


that apparent Motion. of the Sun is really greater at the Beginning of 


Piſces, than at the Beginning of Virgo, as Experience teſtifies; and thereſar 


the Earth is ſwifter at the Beginning of Virgo than at the Beginning of 
Piſces. So that the Hypatheſis of Yortices, is utterly irreconcileable with 
 Aﬀtronomical ect, and rather ferves to-perglen .than *explain.the 


heavenly Motions. 


GENERAL.SCHOLIUM:.. 


> 


The Hypotheſis of Yortices is preſs'd with many Difficulties,- that ere. 


ry Planet by a Radius drawn to the Sun, may deſcribe Areas proportio- 
nal to the Times of Deſcription, the periodick Times of the ſeveral Parts 


of the Yorrices ſhould obſerve the duplicate Proportion of their Diſtances 
from the Sun. But that the-periodick Times of the Planets may obtain 
the ſeſquiplicate Proportion of their Diſtances from the Sun, the periodick 


Times of the Parts of the Vertex ought to be in the ſeſquiplicate Pro- 
portion of their Diſtances. That the ſmaller Yortices may maintain their 
leſſer Revolutions about Saturn, Jupiter, and other Planets, and ſwim 
N Rae: and undiſturb'd in the greater Yorizx of the Sun, the periodic 


imes of the Parts of the Sün's Vortes ſhould be equal. But the Rota- 


tion of the Sun and Planets about their Axes, which ought- to, corre 


of a Vortex. 


ſpond with the Motions of their Yortices, recede far from. all theſe Pro- 
portions. The Motions of the Comets are exceeding regular, and go- 
vern'd by the ſame Laws with the Motions of the Planets, and can by 
no means be accounted for by the Hypotheſis - of - Yortices. For Comets 
are carry d with very excentric Motions through all Parts of the Hea- 
vens indifferently, with. a Freedom that is incompatible with the Notion 


* . Page 314. There are many more Experiments relating 20 central 
Forces, &c. — for the ſake of the Curious we ſhall menti;n a feu more in the 


Notes.) To ſhew experimentally how a Planet accelerates its Motion as 


* 


N. 24. F. 11. 


it approaches to the Sun, and retards, as it recedes. from. the Sun; 6 
the whirling Table (in the Condition repreſented - by the 1th. Figure of 


Plate 24.*) to its Frame, that it may be eaſily turn'd rcund in its hori- 


_ Zontal Situation. Then take off the Sguare, or rectangular Piece Ss, and 
0 5 | 5 « k I's ; 1 „ ä : „ „ N ; „ 4 « faſten 
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faſten it to the Table at the Place Ma, by means of a Screw in the Annotat. 
under Edge of it, which goes through the Table, and is fixd by a Nut Lect. V. 
under the Table. Having ſo done, inſtead of the two Balls T, M, take 
one of them as M, and having plac'd it within an Inch of. the ſhort Part Fl. 28. F. 11. 
of the Square at M, paſs its String through one of the Side- Holes of a 
the Center-Piece C, and fo up through the middle Hole; then having tied. 
| a little Wire w croſs the String, ſo. that when the centrifugal Force atts 

upon M (while the Table turns round) the Wire may hinder the Ball 

ſtriking againſt the End of Mu. Let the Table be whirPd about in the 
Direction of the Dart, whilſt the Hand is holding the other End of the 

String looſely at &, and the Ball will preſs on the Square V v at M. Pull 

the String a little to make the Ball approach nearer to the Center, and 
you will ſee and hear it ſtrike on the other Side at , which ſhews its Motion 

to be accelerated; but if then (the Table ſtill going round with the fame 

Velocity) you flack your Hand, the Ball in receding from the Center will ſtrike 

againſt M, which thews it to be retarded, becauſe it moves ſlower than 

the Parts of the Table under it, as it moy'd faſter than the Table in the 

ag ESL. FF Se , 

The Concluſion from the 15th Experiment (viz. that in the ſame Or- 
bit the centrifugal Force is as the Square of the 2 would follow 
from any other Variation of the periodical Times; as for Example, if the es 
String of the Pully H * be put on the Groove of 3 Inches, and that of PI. 25. F. 
the Palley K on the Groove of 2 Inches, each Planet being of equal 

Weight, and at the ſame Diſtance from the Center; the ſwiſteſt Planet 

P will (in its Tower) raiſe a Weight of 2 4 Pounds, whilſt the ſloweſt p 

raiſes only 1 Pound; which Weights are to one another as 9 and 4 3 that 
= is, as the Squares of the periodical Times 2 and z reciprocally, or the 

| Squares of the Velocities diretly, 7 Dl OY ee 

In a word, let the Central Forces differ in any manner whatſoever, one 

may compare them together by the Help of what has been already ex- 

plained ; for they ars always in a Ratio compounded, of the Ratio of. the 

Quantity of Matter in. the revolving Bodies, of the Ratio of the Diſtances 
from the Center, and laſtly of the inverſe Ratio of the Squares of tht pe- 

riodical Times, And the Compariſon is thus made. Multiply the Quan- = 
tity of Matter in each Body by its Diftance from the Center, and di- 8 _ 
ride the Product by the Square of the periodical Time, and the Quo- 7 3 
tients of the Diviſions will be in the ſaid compound Ratio, that is, as 
the central Forces. tg . OI. 


: Chew . % 


© ExyBRIMENT. Plate 25] Figs, © 


| .. Let the Wheel-ftring be on the 2 Inch Groove of the Pulley K, and Pl. 25. F 1 
the 3 Inch Groove of the Pully H, which will make the periodical Times | 
of the Planets P and p be to one another as 2 to; ; by the Addition of 
4 Ounces to the Weight-bearing Piece in the Tower 8, the whole Weight 
will be of 6 Ounces, and let the rn P be of 2 Ounces, and at 3 
| | ce 2 | rom 
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Annotat. from the Center. The Planet p muſt be of 4 Ounces at 12 Inches from 


Le&t.. V. the Center, and the Weight that draws it in the Tower , muſt be of 
8 Ounces. Turn the Wheel, and both Weights will riſe at the ſame 


Pl. 25. F. 1. moment. 


Multiply : (the Weight of the Planet P) by 8 in Diſtance, and the 


Product is 16, which being divided by 4 (the Square of its periodical 


Time) gives 4 for the Quotient (for 2 K 8 2 16, and 1 4.) Then 
multiply 4 (the Weight of the Planet p) by its Diſtance 12, and the 


Product 48 being divided by 9 (the Square of the periodical Time of p) 

you will have 54 (for 4X 12 = 48, and 4* = 535.) Now theſe Numbers 
and 54 are to one another as 12 and 16, or as 6 and 8, which are the 

Weights in the Towers that expreſs the Quantities of the central 
Orces. | Eo” | | ; 

FH henever the Quantities of Matter are equal, you need only divide the 
Diſtances by the. Squares of the periodical Times to determine the Proportion 
of the central Forces to one another. ad Ln at. 36 
And in that Caſe, if the Squares of the periodical Times are to one another, 
as the Cubes of the Diſtances, the > wank of the Divihons will be in an 
inverſe Ratio of the Squares. of the Diſtauces; and you will find the central 

Forces to be in the ſame Ratio; which is the Caſe of the Planets and Co- 
mets in the Heavens. e SE Se „„ 
This may be very well illuſtrated by the following 


Ex EAINENT. Pl. 25. Fig. 1. 


F ; 


Let the Wheel-ſtring go over the 3 Inch gs, the Pully K, ant 


the 6 Inch. Groove of the Pully , to make the periodick Time of the Pla. 
net P be 2, while that of p is 6. Let P and ↄ be of 4 Ounces each, P 
being 5 Inches from the Center, and p at the Diſtance ,of 8 Inches from 
the Center. Then if P is faſten d to 10 Ounces in its Tower 8, and p to 4 
Ounces in its Tower s, both Weights will rife at once when the Wheel is 
turn'd about. 5 


The central Forces are here as 4 to rc, and the inverſe Ratio of the 


Squares of the Diſtances is the Ratio of 25 to 64 (which laſt Number 
ſhonld ſtrictly be 622, and may be fo if the Diſtance from the Center be 
. made the ſquare Root df 622, but we chooſe 8 Inches to avoid, Fractions) 
near enough for an Experiment. The Squares of the periodical Times 
are 9 and 36, which alſo agree near enough with the Cubes of the Di- 
ſtances, viz. 125 and 5123 for 512 would become only o, the exatt 
Ratio wanted, or much nearer, if the Diſtance from the Center had been 
the ſquare Root of 627, as we ſaid befor, 5 
4. i [16. Page 328. Others, &c; alledze, that the Momentum 7s, not 4 
the Produft of the Maſs by the Velocity 55 the muviag Body, but. as A Ma 
multiplied into the Square of the Pelidity,, EIN 
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nge, Experimemal Fb 205 
124. Pag ge 336. The Weight, . muliiply it. by the. Frwity, it will give Pha x 


the Momentum, &c. : Lect, V. 
2 Till within, theſe, few Years, all Mathematicians,and.Philo@phers. agreed Levis 
in the Opinion, that the Momentum, or moving Forces of Bodies, is made 
up of the Mak ot Op Quantity of. Matter, multiplied into the Velocity, as „„ 
we have explain d in the 2d Ledture. Monſ. Leibnizz (if Lam rightly L. 2. No. +3 . 2p. 
inform'd) was the firſh; that rejected the . .0f: Opinion, affirming, that the f 2 3 & 
Force of Bodies in Motion, _ made up of the Maſs multiplied .by the Page 43* e 
Square of the Velocity, applying it to the Fall of Bodies, and ſaying, — 
that the Stroke made by falling Bodies was always proportionable to the | 
Heights from which they fell, which Heights + are as the Squares of the + L. . I. 
Velocities. But his Error lay, in not conſidering the Time (as we have 16. C 
meun) for the Velocities alone are not the Cauſe of the Spaces deſerib'd, 
but the Times and the Velocities together; for otherwiſe the Effect a 
be greater than the Cauſe, which is abſurd; Several ingenious. Men have 

endeavour'd to defend Monſ. Leibnitz's Opinion by ſubtle, tho! tallacious, 
Arguments, having farſh, deceiy'd themſelves by. miſapplicd, 'Obſervations. 
nnd Experiments. lo 210 off9 % 99195 


„ 
* 


* 


Some haye diſtinguiſh! 4 the Actions exerted ont Bala 08s for Example, 
che Force of Gravity) into a living and a dead Force (vis viva, & vis mor- 
ua) calling that a living Force, whereby it produces a viſible. Effect on a 
2 Body, and a dend Force, that which is deſtroy d by a contrary Cauſe; as 
ben a Body is kept from falling by an: Qbſtacle, or being in the Scale of 
balance is kept from deſcending by à Counterpoiſe in the oppoſite 
Cale. Were we to allow of this Diſtinction, yet the common Experiment 
ol the moſt ſimple, mechanical Organ, I mean the Balance,-ſhews that the 
vis viva and the vis mortua, are both in the ſimple Proportion of the Ve- 
locity multiplied into the Mass. Fox Example, 4 Pounds being plac'd' at 
the Diſtance of 6 Inches from the Center of Motion, and 2 Pounds at 
che Diſtance of 12, will have a vis viva, if the Balance be put into a 
| ſinging Motion. Now theſe Foroes appear to be equal, becauſe, with 
contrary Directions, they ſoon deſtroy one another; but they are to one 
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another in the ſimple Ratio of the Velocity multiplied into the 
| Maſs, viz. 4 6 = 24, and 2 K 12 24. Whereas if the Forces in this . = 
| Caſe had been as the Maſs into the re of the Velogity, the Weight 2 9 
plac d at near 8 Inches and an half, wpuld have deſtröy'd the Motion of j 
| the Weight 4 at 6 Inches Diſtance, andihave redac'd it to an Fquilibrium. 14 
| That is, 6X 6X4 = 144, and 8, . Sc. ,X 8, 426, Cc. X 2 = 144. Bm 
| The Cale | is the ſame in the vis 5558 for then 2 at the Diſtance 12, . 
| keeps 4 in AEquilibrio, at l del 6, and the leaſt Alteration either = 
of Weights or Diſtances, \ deſtroy the Aquilibrium. The ſame thing . 5 = 
is true in the Leaver, Pulley Aris in Feri 4 bio, Ang 'd I "Te. Wedge, | | 3 
| wes Screw... % 5 55 en 45 Fx; | I 
he Momentum of Bodies appearing Wy lanly, by Jon xpe- 
timent to be ws 17 5 gi pp: als by th 19 this other 125 ſaid, 


that the 8 Make of the mechanical Organs was the Cauſe of this 
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Annotat. Phenomenon, and that chis Action of Bodies upon one another, by mean 
Let. V. of Inſtruments muſt be call'd Preſſure, diſtinguiſhing between Force and 
ty Preſſure, allowing Preſſures of Powers to be to one another reci rocally a 
the Maſſes multi lied into the Velocities; but deny ing that Forces art 
in that Natio. Now to ſhew, that Forces which we alſo call the Me. 
 -menta of Bodies, are in the Ratio — — let us im ll 
duft der the following Experiment communicated firſt t to me by Mr. er 


Graham, | ln 1 to cn f 
2 vr VV 5 ùVf wt 5 i = oy! n 
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PL. 24. F. 1. The Machine repteſnted by the Figure has: been Wa det 
If FO 2910 only we muſt ſuppofe the Arc F E to be divided into 2 
egrees-on each Side, counting from the Edges A D and CB of the fl 
ſquare: Pendulum, inſtead of 18 mark'd in the Figure ; z and that the Pen. 
Siam weighs' 2 Pounds, and the Weight W alſo 2 Pounds. 
Now, if the Pendulum without the Weight W be drawn up to the 
24th Degree on the Side of E, when you let it go, it will riſe to 24 onthe 
r Side; but if a Perſon, who holds the String L'in his Hand (whilt 
the Weight W hangs half an Inch above AB CD, when at the lonel 
Place) lets go the String juſt at the moment that the flat Pendulun 
comes to the loweſt Place, the Pendulum receiving thereby an Addition 
of Matter equal to its own, goes only to 12 on the Side of F. If . 
let the Pendulum fall from 20 Degrees, and W be let down upon it at 
the loweſt Part of the Vibration, then it will (thus loaded) go but to 10 


D S =) 


Degrees; and when you let it go from 12, if it receives the Weight my 


at Bottom, it will go but to 6. 
Now to compare together the two Opinions, we muſt examine, which of 
them wo 3 the Momentum hog ſame before and after the Reception of M. 
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ent tem" OLD O?1N10N. 


i bn the 2 Half of the Vi cbration. In the lift Half of the Vibration. 
| Velocities Maſs Afomenta ark Maſs 1 
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6 follows." 


Object. 1. The Shock made by the Fall of the Weigit W, hindets-- 


Anſwer. The Pendulum is in an horizontal Motion, when it rereives 

| the Weight W, which by its Fall gives a perpendicular Stroke, which (by 

| what has been ſaid of two Forces acting at the fame time upon a Body) f L. 3. 
can neither advance nor retard it towards the Side where it is going, but No. 85. 

| only make it go lower, if the Strings that. ſuſpend the flat Pendulum yield 


che Pendulum moves at the loweſt Part of its Vibration, which we will 
;» WW © ider as a ſtreight Line, taking the Tangent inſtead of a fmall Arc; let 
„de Weight W fall in' the Line y e. Now, if we ſuppoſe the Strings to yield, 
bs to become longer by the whole e , then will the Pendulum 
be ated upon by two Forces, as sf and # g, which will make ic go in 


Fo 


E as 


rity to let W fall FL. 24. F. 8 


i 


| 


a little. For Example, let e (* Plate 24. Fig.) be the Line in which *PL24. F. 
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Diagonal ez; and laſtly, if the Strings either don't ſtretch at all, or by 
24. F.1: their Re-aftion reſtore them elves wholly, then is the whole Effect of the 
"Shock of the Fall of W deſtroy'd, and the Body will go in the Line ef 

as if there had been no ſach Stroke. Now in all theſe Caſes, the com. 
pound Pendulum goes from the Line eg to the Line f in the fame Tim, 

and the Edge of the Plate muſt ſhew the ſame Number of Degrees upon 
the graduated- Index below it. To theſe Obj-Utrs allo, the Success of 
the Experiment When ſoit Leather is 'glued | under che Lead, muſt ye 
Satisfaction; but making che Experiment without, ting che Weight al 


at all (when the little Semi- cylinder wv x w Ol the Plate Lakes the Weiglt 


along with ir) moſt be a fall Corviction, 


O Objeft. 2. The Friction of the Weight W, and the Plate A B C Dor 
Againſt another, occaſions the Loſs of Motion, and hinders che compound 
Pendulum from going to thoſe Diſtances, that are agreeable to the ney 


Anſter. This Objection is too looſe and general; for the Objellon 
ought to ſhew how much Motion Friction can deſtroy in other Caſes, aul 
that there is as much Motion” loſt here. Whereas, upon Examination, 
EI od, ee to, obs LICK apa, ths Moti 
loft here, ,acgording to the new Opinion, myſt, be half, of the whole Mo- 
tion of the compound' Pendulum; whereas Friction, at moſt, never de. 
ſtroys above a Third, Beſides, the Friction of one Part of the Pendulum 
againſt another, does no way affect the Motion of the whole Pendulum, or 
of the Syſtem of thoſe two Bodies, that Way in which it is carried. For 
Sir Jſaac Newton has demonſtrated in his Principia, Book the ſt, in the 
Corollaries to the Laws of Motion That if Bodies, any how mov! 

among themſelves, are urg d in the Direction of parallel Lines by equal accel: 
iet Forces, they wilt. oft, rh e 1, move among. themſelves, . ofier is 
fame Manner as if they had een urged by no ſuch Forces. Now, thiss f 
the Caſe of our compound Pendulum, all whoſe Parts for the ſmall 
Time of the Shock or Friction, may be conſider'd,, as carried along it 
„ [ales 3, e hf, e en Parallels, The Anſwer by vi) 
(A eke e ay: wie T e rhe previ of, very ſar 
s allo the Surface of the Plate (as I was deſired to do by ſome of the 
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| Reed it has been more difficult. to, make the Experiment; but tie 
Succeſs has been che lame ; For whenever the Weight W had its Cent! 


aà little behind the Center of the Cirele w w, perhaps by flipping back 
1 ds the © 114.166 d p id TY gi 4 2: 9 CE «14 "jd CI kb Finn rees 
waras, the compound, Pendulum came ſhort, of ehe 13, 10% 0 6 Leer 
a, IV O01 20H eee JEN. - it exceeded | as much when, K Amy = 
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leaden Cylinders into it, it may be made to weigh 5 or 4 Pounds; 


R, and kept in its Place by the Pin P. N. B The 7th Figure repreſentsPl. 28. F. 5. 

Part of the Cylinder with its Tail and Spring, and the rectangular Plate, draun 5 

by a larger Scale, and mark'd with the ſame Lettern. 

When the Spring bent to the ſame Degree, does, by pulling out the 

Pin P, ſucceſſively ſhoot forward the Cylinder differently loaded; you will 

find, by obſerving the String en, to what Diſtances the Cylinder is thrown. 

Now it always happens, that in thoſe Caſes, whatever the Weight of the 
Cylinder is, the Product of its Maſs by the Square of the Velocity, is 

always the ſame. That is, if the Cylinder weighing 1, the Spring be ad- 

juſted ſo, as to throw it to the Degree 8 mark'd on the Ruler or Tan- 

gent Line » O; the Cylinder loaden with 2, will by the Tame Bent of 

the Spring be thrown to 5,55, Sc. if loaden with 3, it will go to 4,62, 

&c. and if loaden with 4, it will go to 4, Theſe Gentlemen therefore 

alledge, that they have made Uſe of Elaſticity in their Experiment, as I 

have made uſe of Gravity in mine Tx” * as their Experiment is 8 


Annotat, able to the new Opinion, and mine is agreeable to the old; therefore no- 


Let. V. thing is to be concluded from either of them. 


Pl. 28. 


Indeed, one would imagine ſo at firſt; and one would think, that (ac- 
6. cording to. the old Opinion) the Spring which ſhoots the Weight 1 to 8 


Degrees, ought to ſhoot the Weight 4 only to 2 Degrees, whereas we 


ſee it ſhoots to 4 Degrees, ſince the ſame Force muſt produce the fame 


Momentum. But here lies the Fallacy. If the Force of the Spring ac- 


ted no longer upon the Weight 4 than it does upon the Weight 1, it 


would ſhoot it but to 2; but the Spring acts as long again upon the 
Weight 4 as it does upon the Weight 1, as is evident, becauſe the 
Weight 4 moves but with half the Velocity of the Weight 1, the Spring 


quitting the Plate 7 7 as ſoon again, when it drives forward the Weight 


1. So that an equal Cauſe acting twice the Time, muſt produce the fame 


Effect, as a double Cauſe acting during the ſame Time as the ſingle one. 


When a Truth has been prov'd by plain Reaſoning and fimple Experi- 


ments; there is no Occaſion to take any Notice of ſuch ſubtle Reaſonings, 


and complex Experiments, that are made uſe: of to perplex it, for the Con- 
firmation of that Truth. But, if the E 


Experiments made to eſtabliſh one 


Opinion, and overthrow another, tho they have not anſwer d that End, yet 


lead us to ſome new Diſcovery, or clear up ſome other Truth not gene- 


rally known; they certainly merit our Attention and thorough Examina- 
tion. Dr. ? Gra veſande, and Dr. P. Muſchenbroek, are too curious in ma- 
king, and too faithful in relating their Experiments, not to have us cre· 
dit the Facts: Therefore, tho? I deny the Concluſion, which they deduce 
from the Impreſſions made on Clay, or other ſoft Subſtances, by Spheres, 
Cones, or Cylinders, I think, there are very uſeful Conſequences to be drann 
from their Experiments in reſpect of Percuſſion, and the Reſiſtanee of ſoft 
Bodies. I likewiſe believe Profeſſor Polenus to have made his Experiments 
carefully, tho' I have not the Honour to know him. Therefore IT will, 
in the Beginning of my next Volume, conſider this Diſpute fully, and 
hope to ſhew the entire Fallacy of the Reaſonings, which have a pub- 
liſh'd in Favour of the new Opinion, and fully explain, why the Experi- 
ments alledged, are not concluſive in that Point. It is not proper to do 
it now; becauſe, J have not yet explain'd the Laws of the pay or 
Shock of Bodies, which this Volume, already ſwell'd to too great a Bulk, 
allows me no Room to do. I hope I ſhall then be able to ſettle the Diſ- 
pute, by proving the three following Propofitions. © 


i. That the Cauſe, which accelerates Bodies in their Motion downwards, 
and retards them in their Motion upwards, does (abſtracting from the 
Reſiſtance of the Air) not accelerate them in their Fall with more 

| Difficulty, or ſlower than it retards them in their Riſe, which is 4 
Suppoſition made in favour of the new Opinion. 


2. That Impreſſions, or Pits of equal Capacities or Depths, made on ſit 


Subſtauces by hard Bodies, by firiking them with unequal Yelocities, 2 


8 
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wot proportionable to the Momenta, or Forces of thoſe percutient Bo- Avildite, 9 
dies; tho they be proportionable to the Maſſes multiplied into the Sguares Leck. V. 
of the Velocities. F — „„ 


3. That Experiments of the Congreſs 4 foft and elaſtick Bodies do not ____= 
prove the new Opinion, but confirm the Old, © | 1 
In the mean time, I refer the curious Reader for Satisfaction to the 

Philoſophical Tranſactions, where he will find Diſſertations upon this Sub- 
ject, in the following Numbers. No. 371, 375, 376, 396, 400, and 401. 

In No. 371. There is a Paper of Dr. Henry Pemberton, to ſhew the 

Experiments of Palenus inconclufive for the new Opinion. | 

In No. 375. I endeayour to confirm the old Opinion, by an old Experi- 
ment on the Balance, and ſome Experiments of the Congreſs of Steel Balls; 

In No. 376. I endeavour to ſhew the Fallacy of Polenus's Experiments 
by two ones, D „„ N | 
In No. 396. Mr. Jobn Eames, F. R. S. makes Remarks upon the new 

Opinion, relating to the Forces of moving Bodies, in the Caſe of Colliſi- 

on of Nox-elaſtick Bodies: And in the fame Tran/a#ion ſhews, in another 

Diſſertation, that the Proof for the new Opinion, drawn from the Doc- 

trine of Compoſition and Reſolution of Forces (when a Body by its Im- 

pulſe bends ſeveral Springs) equally proves both Sides of the Queſtion, 

and thereby proving too much, does in reality prove nothing at all; and 
therefore is far from deſerving the Name of a Demonſtration” 
In No. 400. The ſaid Mr. Eames has made Remarks upon ſome Ex- 

periments in HMydraulicts, which ſeem to prove, that the Forces of equal 

moving Bodies, are as the Squares of their Velocities. . 

In No. 401. There is a Letter of the late Rev. Dr. Samuel Clarke, 

concerning the Proportion of Velocity and Force in Bodies in Motion. 

Let I cannot but blame the Doctor's uncivil Treatment of thoſe Gen- 

tlemen, who deſend the new Opinion, in Expreſſions very rude, and not 

at all relating to the Argument it ſelf: Neither can I be of his Opini- 
| on, in his taxing Dr. S Craveſande with © intending to raiſe a Duſt of Op- 

I poſition againſt Sir ISAAC NEWTON's Philoſophy ;” ſince I know that 
Profeſſor does, and always did, very much eſteem Sir //aac Newton's 
Works; and that both he, and Dr. Petrus van Muſchenbroct, Profeſſor 
at Utrecht, do teach the Newtonian Philoſophy, tho' they differ from 

him in relation to the Momentum of Bodies. | 5 


C25. Page 337. The Pile may enter into the Earth farther than in that 
Proportion, &c.——Page 338. Nails, &c. give way to the Hammer nearly 
according to the Square of the Velocity, &c. — But the Reverſe muſt be done 
i the Battering am. 9 8 

Tho' the Experiments made by the ingenious Profeſſors Polenus, Crave- 
ſande, Muſchenbroek, and others, * ah prove the Momenta of Bodies, to be 
as the Maſs into the Square of the Velocity, for the Reaſons given in the 
C r 
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Philoſophical Tranſafions, which I have referr'd to, and for 


Lect. V. (which I reſerve for that Part of my Work, wherein I ſhall: conſider the 
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times the Velocity of a two-handed Hammer, which is four times heavier; will 
doc twice the Work in forging the Iron, tho' the Momentum is the ſame in 
both; but the Introceſſion, or Yielding of the Iron, is not the ſame in 
both. So in driving Piles, when the Earth is equally yielding, if we raiſe 
the Rammer four times as high, the Pile will enter into the Earth four times 
* eaſier; but when the Pile (tho' ſhod with Iron) ſtrikes upon a Rock, or 


is driven in ſtony Earth, the Caſe is not the ſame, but in a . mix'd Pro- 
portion between that of the Maſs into the Velocity, and the Maſs into 


Hl 


the Square of the Velocity.  . 


No ina Battering Ram, the Effect will be greater, when a great Quantity 
of Matter moves with a ſmall Velocity, than when the ſame Momentum is 
produc'd by a little Quantity of Matter which moves with a great Velocity, 
The explaining of this will give ſome Light into the Diſpute concerning the 
new and the old Opinion. Por, if we ſuppoſe AC DE * a Piece of Wall 
(whoſe horizontal Section is . repreſented here) ſtruck by a Cannon Ball, 


or a Battering Ram at B, the Effect in the firſt Caſe: will be this, that 


„ 8 


the Cannon Ball ( ſuppoſing it to have a ſufficient Velocity) will go thro 


the Wall, making the Hole 4 þ Bc thro the Wall, or at moſt, the Hole 


dc Be, in the Form of a truncated Cone, ſhaking, a little more of the 
Wall, than the Parts of it, which are very near that Hole, becauſe the 
Velocity is ſo great, that the Motion has not time to be communicated 
very far, whilſt the Bullet is paſſing. But if a Battering Ram, with the 


ſame Momentum, but a Velocity ſo much leſs as it has more Matter, 


ſtrikes the Wall at B, it will ſhake; it round about to a great Diſtance, 
the Motion having Time to be communicated; and, if the ſucceſſiye 


Blows be continued, fo that the ſecond may be given, beſore the Shaking 


given by the firſt js over; after ſeveral; Blows, a large Piece of Wall will 


be thrown down, ſuch as FG HI. This is what Sir Chriſtopber Wren 


has often practis'd in the beating down of old Buildings and Ruins; 
in order to erect new Edifices in the Place where old ones formerly 
ſtood: And he ſaid, he found no Way ſo expeditious for demoliſhing old 


3 


Walls, whoſe Mortar was almoſt as hard as the Stone it ſelf. 


1 


8 Ws 


HBeſiegers ſhoot obliquely, chooſing rather to ſtrike the Walls obliquely 


from different Batteries, tho' with leſs Momentum, that the ſecond Ball 
may beat down what the firſt has ſhak' d: This being more eſſectual, 


than 
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In War indeed, Cannon is preferable to the ancient Battering Rams, 
i. for many Reaſons ; ſome of which have been given in Le#, zd. No. 9. and 
the xith Annotation. And in thoſe Caſes we are to obſerve, that the 
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than to make 
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many ſmall Holes in- a Wall b 


in the Philoſophical» Tranſactions (No. 350.) diz. “ That When à Door 


e fir'd againſt» it, the Ball will gon through the Boor without moving 

© out of its Place; but if we take a large Weight of Lead, and tlirow it 
« againſt the ſame Door, with the ſame Force as the Piſtol* Bullet mov'd, 
« the Door will be remov'd from its Poſition, and carried out of the Place 
4 on its Hinges by the Stroke; becauſe in the firſt Caſe, the Motion of 
the Ball is communicated but to a few Parts of the Door, and in the 
4 lai it is diffus'd all over it. Nay,” the Door will be moy'd by the 

© Stroke, even tho' there ſhould: be a prominent Part in the Lead no 
« bigger than a Piſtol Bullet, in order to ſtrike the Door upon no mor 
of its Surface, than the Bullet has done. „ (4948 1 4-13 ei ee 
en ene 3 1536523. & ugs SOS al Seng 
5. Lz 2. Page 342. J Fluid' will reſiſt ſometimes as much as a Solid, &t. 


Let us ſuppoſe a Piece of Wood, as a Plank one Inch thick, to be of th 
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| covers a Surface of Clay; and let us examine what will be the Effect of 
Bullet ſtriking the Solid or the Fluid. Let us again ſuppoſe, that the 
Ballet ſtriking the Water with the Velocity 1, paſſes through it, over- 
coming by its Momentum the Reſiſtance as 1, which ariſes from the Denſity 
of the Water, and alſo another Reſiſtance as 1, which ariſes from its Tena- 


|Reſitance from its Denſity is as 1, but whoſe Reſiſtance from the Tenacity 
is as 9; that is, whoſe whole Reſiſtance is 10; it is certain, that the Bullet 
| can not penetrate through the Wood with the Velocity 1, but it muſt 
| haye the Velocity 'Io, to over come the Reſiſtance above-mentioned. * 3 3 2 
Nom, if the Bullet, with the ſame Velocity 10, comes againſt the 
Water, it will meet with a Reſiſtance, as 100, on account of the Denfi- 


Matter, to inereaſe as the Square of the Velocity, as it does in the Wa- 
ter (tho it does not increaſe in ſo great à Proportion) the whole 


the whole Reſiſtance of the Wood, as 110 to 190, or as 11 to 19. If the 
Velocity of the Bullet be doubled, that is, becomes 20, the Whole Re- 
litance of the Water will be 400. C20 r 420 3 and the Reſiſtance of the 
Wood will be 300 ＋ 180 = 80: Then will che Refiſtance of the Water 


be to that of the Wood, as 43 to. 58, or 2 1 0 39, the Difference being 
now leſs than before. If the Velocity of the Bullet be 30, the Reſiſtance 
of the Water will be 1660-|-45 1640, and that of the Wood 1800 60 
- 1960 and then the Reſiſtance of the Water will be to that of the 
Wood, as 164 to 196, or 41 to 49, the Difference being ſtill lels. There | 

ur 


« is half open, and moving very freely on its Hinges ; if a Piſtol be 


| ame ſpecifick Gravity as Water; and, that Water of the ſame thickneſs 


city, If the Bullet, with the fame Velocity, ſtrikes the Wood, whoſe 


| Reſiſtance of the Wood will be 190, that is, 100 from its Denſity, and 
90 from its Tenacity, Here the whole Reſiſtance. of the Water, is to 


*% 


nany ſmall Holes in- a Wall by ſhooting | perpendicularly. Annotat. 
To illuſtrate this yet further, I will here repeat What IT have already fad Lett. V. 


| ty, Þ and alſo the Reſiſtance 10, on account of the Water's Tenacity, Th L. $. 32: 
| that is, 116, Then if the Bullet with the ſame Velocity ſtrikes the Page 340, 
Wood, and we ſuppoſe the Reſiſtance of the Wood, from its Quantity of? 
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Board fix'd under the Water over the Sail, the Bullet went through the 
Board under the Water, and after that through the Sail-cloth. The 
Experiment was made again with a greater Charge, and the Bullet firu 
- againſt the Board without going through it, making but a ſmall Impre 
Hon in the Board, yet its Roundneſs was alter'd more than the Reſiſtance q 


the Board ſeem'd likely to have caus d, and therefore the Bruiſe in the Lei | 


was thought owing to the Reſiſtance of the Water. Upon increaſing tht 
Charge a third time, the Ball fell upon the Sail without reaching ts 
Board, and was much beaten out of Shape. At laſt putting in a Chat 
pretty near equal to the Proof (that is, the Weight of Powder equal t | 
the Weight of the Bullet) the Bullet was beaten to pieces upon the Sur 
face of the Water. N. B. I cannot exactly tell in what Proportion th 
Charges were inereas d, becauſe I did not ſee the Experiment my ſelf; but | 
had the Account from Perſons of Credit that ſaw them. That the Refi 
tance of the Water was greater than that of Wood appear'd by this, vi 
that when the Shot was made againſt a Plank of 15 Inch thick in the 
Air, the Bullet went through more and more eaſily the more the Charge 
I, his great Reſiſtance of Water is farther confirm'd, by an Accident 
Some Years ago, on a rejoycing Day, the Honourable Colonel Sam! 
Horſey, with ſeveral other Perſans, and my ſelf, went out upon the Thame: 
in 2 great Barge belonging to the Vintners Company, where we play d 
off ſome Fire-works. It happen'd, that a Water-rocket (whoſe Proper! 
is to go under Water ſeveral times and "riſe again, and at laft burſt on 
the Top of the Water) came up, when it was ready to burſt, under the 
Stern of the Barge, being thereby prevented from coming 'up to the Sut- 
face of the Water, and burſting where it was, gave the Barge a great 

Shock, ſo as to give it a ſenſible Lift, which 1 plainly felt, being directh 
over the Place, and wonder'd at the Force of fo ſmall a Quantity of 
Powder, there being much leſs than an Ounce of Powder to male 
the Report. A little after, ſome Gentlemen and Ladies, being in ano- 
ther Barge, of leſs/ than half the Bigneſs of ours, came near us, and de- 

ſir d me to throw ſome of the Water - rockets between the two Barges, 
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hat they might the better obſerve their Motion. I threw ſeveral; but at Annotat. | BY 
lat one of them in its laſt Riſe, ſtopping under the Middle of their Lect. V. = 
| Barge, broke there, and made ſo great an Hole in the Barge's Bottom, Hh 
| that there was only time for the Company to get out of their Barge into Fm : 
ours, and the Watermen to row. to Shoar from the Middle of the Thames | — 
(at Mortlack, where it is but narrow) before the Barge was half full of 5 | 
Water. Becaufe in the Exploſion of the Powder, whoſe. Velocity, in its 

Expanſion, is exceedingly great, the Water reliſted, like a Solid, and con- 
| {quently the Powder made its Way through the Bottom of the Barge, 

whoſe Planks were lefs denſe than the Water, and not very thick. 
S After this, to try the Effect of the Exploſion of Gun-powder under 

Water; I loaded a Water- rocket, fo that it ſhould break under the Wa- 
ter, and having ſet Fire to it, threw it into a Pond, that ever d an Acre 
of Ground: And fo great was the Shock, that ſeveral Perſons, who ſtood. 
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W round the Pond, felt it like a momentaneous Earthquake. 
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© compels it afterwards to continue its Motion along the n 
| © Draw c C parallel to BS meeting BC in C; and at the End of the | 
* ſecond Part of the Time, the Body (by Cor. 1. . ; 
F 1 . | HMASS > $55 „ > | | | 4 
found in C, in the ſame Price al ie Triangle (es B, Join 8 C, 4 
* and, becauſe. 8 B and Cc are parallel, the Triangle SBC will be „ 
* equal to the Triangle S Be, and therefore alſo to the Triangſe 8 AB. i 
„By the like Argument, if the centripetal Forte acts Tucceffively in 1 
C, D, E, &9c. and makes the Body in ach ſingle Fart dle of Time, to | 


© deſcribe the right Lines CD, DE, EF, Ce they win all lye.in the, _ 
* ſame Plane; and the Triangle 8 C 


4 


will be equal 


Triangle: | | 


r . a En eine. 


g _ al £Q, ko 43 Tapes 
"SBC, and SDE toSCD, and S EF to S DE. And therefore, in 
„equal Times, equal Areas are deſcrib'd, in one immoveable Plane : And, ? 
© by Compoſition; any Sums SADS, SAF'S, of thoſe. Areas, are 


ec 


TT we 


ce one 


1 © one to $4 5 as hs 3 in which 1 are e deferibd.. Now 
Lett We let the Number of thoſe Triangles. be augmented, and their Bread 
be diminiſh'd in inſinitum; and (by Cox. 4. Lem. z.) their ultimate Peri. 
1-28 . meter A D F will be a curve Line; and therefore the centripetal Force, 
© by which the Body is perpetually drawn back from the Tangent of this 
2 He will a& continually ; and any deſcrib'd Areas 8 A DS, 8 AF s 
<« which are always proportional to the Times, of 2 will, in thi 

© Cale, Aſo be Proportional to thoſe Times. 2 E. B ** 


e Cor: C The Velocity of a Body attracted 3 n immoregkl 
Center, in Spaces void of Reſiſtance, is reciprocally as the Perpendic. 
4 les fall from that Center on the right 715 that touches the Orbit. Fg 
« the Velgcities in thoſe Places A, B, C,DE are as the Baſes A B, B( 
6“ DB E, E F, of equal 1 5 and ce e are en 
«as | the Perpendiculars, let fall upon them. _ Ene 


& Cor. 2, If the Chords AB, B. C. of two Arch ſucceſſively defer 
© in equal Times, by the fame Body y, in Spaces void of Reſiſtance, ar 
e compleated. i into a. arallelo ram. AB C V, and the Diagonal BY ofthis 
&« Parallelogram, in the Poſition, "which it ultimately acquires, when tho 
Ares are diminiſh'd in infinitum, is Produced both ways, it will pit 
through the Center of Force. 1 


K Cor. 3. 1 ehe ' Chords A B. 'C and D E. EF of Ae diet! 

3 n eg a1. ee 2 void of Reſiſtance, are compleated into the 

* Paralle Uograms A aBC A DEF®T. :; z the Forces i in B 1 2 „ Are ole 

4 to the other f in tlie Ultimate Ratio of the Dia gonals BV F Z, when 

« thoſe Arcs are diminiſhed in infinitum. For the Motions C and BY 

« of the Body y (by 775 I. of the Laws) are compounded. of the Motion 

4% B45 BY, EZ, but BV and EZ, which are equal to Cc 

«ad F, in 9901 emonſtration 'of, this Bad Land were generated by 

2 the Imp ulſes of the centripetal Force i in Wh are t therefore pro- 
e to thoſe Impulſes, 3 


8 

* 5 $ : 
1 * 

1 * 


04 Cor. 4 The Forces by hich a in 7 e of Reil 

2 | Are aca back to TeCtifinear Motions, and turned, into curvilinear Or- 
bits, are one to other.as the verſed Sines of Arcs deſcrib'd in equal 
imes; which yerſed Sines tend to the Center of Force, and biſſect the 

2 Hord „ when. thoſe Arcs are diminiſſed to Infinity: We ſuch verſed 


oh ing ines are the Halves of the Pingorals, mention di in Cor. 3 3. 


53.39 


3 


ON "jt 3 And therefore thoſe Forces, are to the Pore 6 of Gravity, » 
66 che ſaid yi rſed Sines to the verſed Sines perpendicular to the Horizon oſ 
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* \ 


(0 kaorosrrion IL TuxozIN Tr 


ce Every Body, that moves in any curve Lie deſcrib'd i in a Drone. and 


« by a Radius, drawn to @ Point, either immoveable, or moving forward 


ce with an uniform reftilinear Motion, deſcribes about that Point A reas pro- 
(6 portional to the Times » is "ge" 9 a | HE Force direled 10 that 
« Point. | 4 [OTH FORAY * 


„„ 


« Caſe 1. For every Body, that mopeg in 8 carve "FRY is (by Law 


a > turned afide from its rectilinear Courſe, by the Action of ſome - 
= © Force, that imp 
W *< off from its re 
« the equal leaſt Triangles SAB, SBC, SCD,* G about the im- Fl. 21.7. * 
„ moyeable Point 8 (by Prop. 40. Book 1. El. and Law 2.) acts in the 


ls it. And that Force, by which the Body is turned 
linear Courſe, and is made to deſeribe, in equal Times, 


„Place B, according to the Direction of a Line parallel to c C, that is, 


| * in the Direction of the Line BS; and in the Place C, according to 
« the Direction of a Line parallel to 7 D, that is, in the Direction of 


« the Line CS, (9c, And therefore afts always in the nen, of 


| 6 Lines tending to the immoveable Point 8. 2. E. D. 


BW: Caſe 2. And (by Cor. 5. of the Laws) it is indifferent, whether the 
te Superficies in which a Body deſcribes a curvilinear Figure be quieſcent, 


« or moves together with the : Body, the agony: ard. a its Fe 18 
« maiformly forwards in right Lines. lob Bromed 5 


72 on 1 


* C. 5 I non-refiſting racer: or : Mediums! if t Þ voy are: yg 


h proportional to the Times, the Forces are not direſted to the 
„point in which the Radii meet; but deviate therefrom in * 
or towards the Parts to which the Motion is directed, if the 80 


| © tion of the Areas is accelerated; but in ee if retarded. 


Heri 24 1 


* Cor. 2. And even in * Mediums, if the Deſcription: of che 
Areas is accelerated, the Directions of the Forces deviate from the 


“Point in which the Radis ments we the Parts to W_ ow Mo- | 


© tion tends, 
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« A Body may en d ere 


© Forces. - which Caſe the Meaning of the Propoſition by chat the 


Force which reſults out of all, * to the Point 85 185 5 
| 58 


I have 


cc FIN 6. e the "Re Things 4s ah. ian 0 Cor. of the Annotat. 
« Laws) when the Planes in which the Bodies are moy d, * with 1 V: 
« Centers of Force which are placed in thoſe Flags are 006 at. N EIA 
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Annotat. I have-contriv'd a Machine to repreſent this mechanically, wherein”, 
Lect, V. little Braſs Ball repreſenting à Planet, moves in an _ 
e repreſenting: the Sun in one of the Foci of that Ellip *, 
Radius veftor Areas proportional to the Time. N. B. I. hall give a Ti. 
n) of it 4s #be. Eng, of 19is 1 ome. , + | 
oþ a 514 „ 4 * . = 


e, deſcribing by 2 


pat the centripetal Force is the ſame as Gravity. 


Sir haar Newton demonſtrates this in the 4th Propoſition of the third 
7% WE: TR 2 SS 1 . N . $5356." 


wa 


« PRoP. 4. TMEOR. 4. 7 hat the Moon gravitates towards the Earth: 
e and by the Force of Gravity is continually drawn off from a refilinear M. 
t tion, and retaind in its Orbit, aa OR OR 


Sir Haas, he 
cording to ſeveral Aſtronomers, in the Beginning of this Propoſition, goes 


on in theſe Werds. Let us aſſume the mean Diſtance of 60 Semi-diz- 


% 1 


et meters in the Syzygies and ſuppoſe one Revolution of the Moon, in 


* xeſpect of the fix'd Stars, to be compleated in 27 d. 7 h. 43 m. 
4e Aſtronomers have determined; and the Circumference of the Earth ty 
& amount to 123 249600 Paris Feet, as the French have found by Menſi- 


4 ration. And now, if we imagine the Moon, deprived of all Motion, 
© to be let go, ſo as to deſcend towards the Earth, with the Impulſe of 


4 all that Force, by which (by Cor. Prop. 3.) it is retained in its Orb; 


< it will, in the Space of one Minute of Time, deſcribe in its Fil 
4 5 ＋ Paris Feet. This we gather by a Calculus; founded either upon 


Prop. 36. Bock 1. or (which comes to the ſame Thing) upon Cyr. g. 
ce Prop. 4. of the ſame Book. For the verſed Sine of that Arc, - which | 


the Moon, in the Space of one Minute of Time, would by its mean 
Motion deſcribe at the Diſtance of 66 Semi-diameters of the Earth, is 


ce nearly 155 Paris Feet, or more accurately 15 Feet, 1 Inch, and 1 


Line 3. Wherefore, ſince that Force, in approaching to the Earth, in- 
& (creaſes in the reciprocal duplicate Proportion of the Diſtance, and, 
«© upon that Account, at the Sur face of the Earth; is 60 „ 60 times great- 
er, than at the Moon; a Body in our Regions, falling with that 


Force, dught, in the Space of one Minute of Time, to deſcribe 


© 60X 60 i A Paris Feet, and, in the Space of one Second of Time, 
to deſcribe 1544 of thoſe Feet; or more accurately, 15 Feet, 1 Inch, 
« and 1 Line 3. And with this very Force, we actually find, that Bo- 
« dies here upon Earth do really deſcend. For a Pendulum oſcillating 
<« Seconds in the Latitude of Paris, will be 3 Paris Feet, and 8 Lines 
„in Length, as Mr. Huygens has obſerv'd. And the Space, which an 
** heavy Body deſcribes by falling in one Second of Time, is to half the 
Length of this Pendulum, in the duplicate Ratio of the Circumference 
< of a Circle to its Diameter (as Mr. Huygens has alſo ſhewn) and is there- 


p * 
„ [1 
„ 
* 


waving given an Account ef the Moon's mean Diſtance, ac - 


ce fore 


| © plained after the following manner. Suppoſe 


4 > _ * 69 Fr nn * « my * 
Abe imemtal P lot h 
nas e qa ' * *.* 


« fore 15 Paris Feet, 1 Inch, 1 Line 3. And therefore the Force, by 
« which the Moon is retained in its Orbit, becomes, at the very Surface 
« of the Earth, equal to the Force of Gravity, which we obſerye in 
« heavy Bodies there. And therefore (by Rule 1. and 2.) the Force by 


* 


Annotat. 
Leda V.! 


« which the Moon is retained in its Orbit, is that very ſame Force, which 
« we commonly call Gravity. For, were Gravity another Force different 
e from that; then Bodies deſcending to the th, with the joint Im- 

« pulſe of both Forces, would fall with a double Velocity, and in the 


| © Space of one Second of Time, would deſcribe 30+ Paris Feet; al- 
© together againſt Experience, Sc. nM Vt os 


/ 


 SCHOLIUM. ” 


The Demonſtration of this Propoſition 2 be more diffuſely ex- 
e 


* about the Earth, as in the Syſtem of Jupiter or Saturn; the periodic 


Limes of theſe Moons (by the Argument of Induction) would obſerve the 
| © fare Law which Kepler found to obtain among the Planets 3 and there- 
| © fore their centripetal Forces would be reciprocally as the Squares of the 


* Diſtances from the Center of the Earth, by Prop. 1. of this Boot. Now, 


veral Moons to revolve. 


4 if the loweſt of theſe was very ſmall, and was fo near the Earth, as 


WW © almoſt to touch the Tops of the higheft Mountains; the centripetal 
Force thereof, retaining it in its Orb, would be very nearly equal to 


* the Weights of any terreſtrial Bodies, that ſhould be found upon the 


| © Tops of thoſe Mountains, as may be known by the foregoing Computa - 


„tion. Therefore, if the ſame little Moon ſhould be deſerted by its cen- 


F 


| © trifugal Force, that carries it through its Orbit, and ſo be diſabled 

| © from going onwards therein, it would deſcend to the Earth ; and that 
wich the ſame Velocity as heavy Bodies do actually fall with, upon the 

* Tops of thoſe very Mountains; becauſe of the Equality of the Forces 


* that oblige them both to deſcend, And, if the Force by which that 


{ © loweſt Moon would deſcend, were different from Gravity; and if that 
| © Moon were to gravitate towards the Earth, as we find terreſtrial Bodies 


do upon the Tops of Mountains, it would then deſcend with twice the 
* Velocity, as being impelled by both theſe Forces conſpiring t ether. 
"1 Therefore, ſince both thoſe Forces, that is, the Gravity of heavy Bodies, 


and the centripetal Forces of the Moons, reſpett the Center of the Earth, 


* and 2.) + have one and the ſame Eaulſe. And therefore the Force, which 
: retains the Moon in its Orbit, is that very Force, which we commonly 
„ all Gravity; becauſe, otherwiſe, this little Moon at the Top of a 
„ Mountain, muſt either be without Gravity, or fall twice as ſwiftly as 
E 215 115 Ho LD a gng Log 

7. Lao. Page 351, 352. Since the Angles, &c. — only decreaſe half 
Tay from A to P, &c. And OS &c. — only increaſe half way 77 


| * and are ſimilar and equal between themſe ves, they will (by Rule 1. 
＋ See the Be: 


inning of Sir 
ſaac's third 
Book. | 
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Annotat. 


ans 


*P1.28. F.10 


| the tuo Diagonals of that quadrilateral Figure. 


4Pl. 28. F.11 


leſs than DC, it muſt follow, that A BX DC is greater than A B x DK; 


Pl. 28. F. 10 


and tis evident by the 2d Lemma, that 8S H-|-H s, is greater than S M-|- Ms. 


Ends of the leſſer Axis; that is, 8 HT“ is leſs than 817. And this 


P % A, &c.] This will be made evident by proving, that the Angle 
made by a Line drawn from either of the Foci, to any Point in the Peri. 
hery of an Ellipſe, and the Tangent to the Curve in that Point, will be 


* 
a 
5 a 
9 
, 


OY 


the leaſt poſſible, or at its Minimum, when that Point is at either of the 
we thall prove by the Help of the two following Lemmata. 


LEMMA I. 


In every quadrilateral Figure, inſcribed in a Circle, the Sum of the . 
Rectangles form'd by the oppoſite Sides, are equal to the Rectangle form'd by 


This is a known Property of the Circle, and has been demonſtrated 
Ptolemy, and others; that is, ACXDB-+BCX AD= ABxDC;. 


26 ood Ae oo EE 
If an Arc of a Circle be divided into two equal, and into tavo unequal Part, 
T ſay, that the Sum of the Chords of the two equal Arcs, will alway þ 
greater than the Sum of the Chords of the two unequal Arcs, That is, i 
the Arc ACKB is divided into two equal Parts at C, and into unyul 


1 ” 


Parts at K. AC CB is greater than A KEK B. 


In order to prove this; through C and the Center , draw the Diamete 
C D, and the Diagonals and Chords AB, DK, AD, BD. It is ei. 
dent (by the 2d and zoth of the 3d of Eucl.) A D = BD, and they ny 
be ſubſtituted for one another. It is evident alſo, that D K will almy 
be leſs than CD (by Excl. rath of the 3d.) Now by the laſt Im 
AKxDB+KBXAD=ABXDK, now ſince D K has been pror' 


therefore A CX DBA BCX AD is greater than AK xDB-}-KBxAD; 
and fince the Factors DB and AD are equal, it muſt follow, that 
AC+CB. is greater than AK K B. by i» 4 

Let a Circle in Fig. 10. be deſcribed paſſing through the Points 8, H, 5, 'ti 
evident (by Eucl. 19th of the 3d) that the Angle SH s and SM x, are equal; 


Now by the Property of the Ellipſe 8 I 1 H is always equal to S HH, 

being always equal to AP; it * ow: that SI-+Is 
greater than 8 M Ms; whence it appears, that the Point I is out of 
the Circle SH Ms, and therefore the Angle SIs is leſs than 8 M 0. 
its equal SHs, Now by the Property of the Elipſe demonſtrated in 
all the Conick Writers (vide Elementa Conicorum Lud. Trevigar Lib. *: 
Prop. 10.) The Angles sIg and SIz are equal, and HG is equal to 
SHT, therefore, ſince s IS is leſs than 5s HS, it muſt follow, that 
STI, is greater than 8 H T, and what has been prov'd of I may be 
prov'd of the Point F, or any other Point in the Semi- ellipſe A H; 
therefore the Truth of the Propoſition advanced is demonſtrated, 


8. [4+ 


. Yr VR — „ 


22, becauſe ſeveral of them may have been at ſuch a 


A Conſe of Experimental Philoſophy. 


8. [42. Page 354. Comets — are — Planets moving in very excentrick Annotat. 
Orbits, &c.] One may have a full Account of S ha chetr Mo- Le&. *. 
tions, in Dr. Halley's Treatiſe of Comets, which was firſt printed by it 
ſelf, and then reprinted at the End of the Engliſh Tranſlation of Dr - 
Gregory's Aſtronomy; as alſo in Sir Jaac Newton's 3d Book of his Prin- 
pia, from the Beginning of the 39th Prop. to the End of the 42d, 
where his general Scholium begins. The Reader may be fully ſatisfied 
about Comets by conſulting thoſe Authors. However, it may not be 


improper to give a ſhort Account of them here, by way of Abſtratt. 


COMETS are a Sort of exceatrick Planets, which move in ver 


long Ellipſes about the Sun in one of the Foci of thoſe Ellipſes, whoſe 


periodical Revolutions take up ſuch a long Space of Time, that the ſame 
Man has never yet ſeen the ſame Comet twice. So that the Aſtronomy 
of Comets is but lately brought to any tolerable Perfection, for want of 
a ſufficient Number of Obſervations: And the Accounts we have of 
them in former Ages, are from Hiſtorians, and not Aſtronomers; which 


laſt, while they took Pains to obſerve the Planets and fix'd Stars, neglect- 


ed ſuch Comets as appear'd in their Times, being carried away with the 
Opinion, that they were only Meteors near the Earth, and not to be rec- 
koned among the celeſtial Bodies. But in the laſt Age, Comets were firſt 
found to be higher than the Moon, and conſequently to belong to the 
heavenly Bodies; and for about 70 Years laſt paſt, Aſtronomers have been 
very diligent in obſerving ſuch as have appear d. Sir Jaac Newton, from 
his own Obſervations, and thoſe of others, has given a Method how, 
from only three Obſervations of a Comet, made at different Times, to 
find out all that Part of its Orbit, in which it will continue viſible to us; 
and Dr. Halley has firſt ſhewn, that the ſame Comet returns again after a 
certain Number of Years, and that the whole Orbit is elliptical. From 
Aſtronomers and Hiſtorians, we are inform'd of 25 Appearances of Co- 
mets within theſe laſt 400 Years, tho' the Comets belonging to our Sy- 
ſtem may be fewer in Number ; becauſe the ſame Comets have been ſeen 
ſeveral times; but were not known to be the ſame, till Dr. Halley ſhew'd it, 
and ſettled the Orbits of three of them, making out, that the Comet ſeen in 
1661 had been ſeen before, and obſery'd to go the ſame Way in the Year 
1532 3 Which makes its Period to be of 129 Years, The Comet ſeen in 
the Year 1680 and 1681, appear'd before in the Year 1106, ſo that its 
Period is about 535 Years. Laſtly, The Comet of 1682 appear d in the 
Year(1607 and 1531, Which ſhews its Period to conſiſt of 75 Years. So 


that the Number of the Comets which have been ſeen will be reduced to 


22. And if, according to Mr. N hiſton's Conjeftures, the Comet of 10 82, 
appear'd alſo in 1456; and that of 1681 in 532, as alſo 44 Years before 
the Chriſtian Era, as Sir 1/aac Newton and Dr. Halley have ſince diſco- 
ver'd, the Number will not be increas'd, ſince thoſe Periods are before 
the Time of the firſt of the 25. But yet we cannot fay, there are but 
iſtance from the 

Earth, 


n 
* . 


410 A Courſe of  Experimental\ Philoſophy, 


Annotat. Earth, as to have eſcap'd Obſervation; as the laſt might have done, if 
Left. V. the Right Honourable the Lord Pairley had not diſcovered the laſt by 


chance in the Year 1723, and given Notice of it to other Aſtronomers, 
that they might alſo obſerve it. „„ TRE 3h" 

The Comets are reckon'd not to be leſs than the Moon, nor much big. 
ger than Venus; and thoſe are the leaſt, which come neareſt to the Sun, 
left they ſhould agitate the Sun too much, as they come by it at their Pe. 
rihelion, and likewiſe diſturb thoſe Planets which are near the Sun. That 
they are not very large appears, becauſe they are not viſible till they come 
nearer to us than jupiter's Orbit; for as they are opake Bodies, that re- 
flect Light from the Sun, they muſt have been ſeen as far as Saturn, if 


they had been as big. 


Whereas all the Planets have the Planes of their Orbits in, or near, the 
Plane of the Ecliptick, the moſt inclin d making an Angle but of fey 
Degrees; the Comets have their Orbits inclin'd to the Ecliptick in very 
great Angles, moving towards all Parts of the Heavens ; and by that 
Means are leſs liable to diſturb the Planets, becauſe they come but twice 
in one Revolution into the Plane of the Ecliptick, and when they are at 
their Aphelia, very diſtant from the Sun, they are alſo very diſtant from 
each other, and thereby not ſo ſubject to attract each other with ſufficient 


Force to diſturb one another's Orbits ſenſibly ; for when they move very 


ſlowly at their Aphelia, they are eaſily drawn out of their uſual Courſe, 
Comets are conſiderably rarer than the Planets ; for if they were as ſo⸗ 
lid, they would not have thoſe Tails, which are obſervable, as they come 


near enough to be warm'd by the Sun, with a Degree of Heat, ſome- | 


thing leſs than that of the Planet Mars: Thoſe Tails being Vapours raisd 


from their Nucleus, or Globe, ſo as to make a very large Atmoſphere, 


whoſe Particles being thrown off on that Side, which is oppoſite to the 


Sun, give that Appearance, which is call'd a Tail, when we ſee it at right 


Angles, or any great Angle; a Beard, when we ſee it obliquely, and a G- 
ma or Tairineſs, when we ſee it with ſo great an Obliquity,as to be almoſt 


in the Line of its Axis, fo that the Vapour appears to encompaſs the Comet 1 


like a Periwig, or Head of Hair And theſe three Appearances are owing to 
the different Poſitions of the Earth, in reſpect of the Comet; for a Tail of 


the ſame Bigneſs varies optically according to the Poſition of the Eye. 


But then the Tail it ſelf is continually changing; for often the Comet 
begins to appear without any ſenſible Tail, and by degrees the Tail is ge- 


nerated, and increaſes continually, as the Comet comes nearer to the Sun, 
and is the biggeſt of all when the Comet is juſt paſt the Peribelion, having 


then receiv'd its greateſt Degree of Heat. | 

If the celeſtjal Spaces, in which the Comets move, were not void of 
Matter, we could not ſee their Tails, becauſe they are abundantly rarer 
than our Air, ſince one may plainly ſe the fixd Stars through them. As 


we lee the Light of the Sun reflected from thoſe Particles that float about 
in the Air, when a Sun-beam of 1 or 2 Inches wide is let into a dark 


Room; ſo is the Light of the Sun-beams reflected to us from the 3 


r F r Ai. 
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cles of the Tails of Comets, becauſe there is no other ſenſible Matter near Annotat: 
them: For if there was a celeſtial Matter about them, tho' 50000 times Lect. V 
rarer than our Air, it would reflect Light enough to confound that re 
flefted from the Tail of the Comet in one, undiſtinguiſh'd Glare: So that 
Comets would not appear to have any Tails at all; or, at moſt, but very 
ſmall ones. ? j gr ng cg - 
1 he Particles or Vapours, that form the Tail, ſeem to be at firſt dart- 
ed every way from the Comet; but on that Side, which is towards the 
bun, they turn back again in parabolick Lines, ſo as to go on the contrary 
Way, and to help to increaſe the Tail on the Side oppoſite to the Sun, 

| as if the Sun's Rays gave them an Impulſe, and drove them that Way. 
The 12th Figure of Plate 28, repreſents a Comet, and the lower Part of Pl. 28. F. 12. 
its Tail, as Dr. Hooł carefully obſerv'd it through a Teleſcope near its Pe- 

| ribelion, with the purer Part of its Atmoſphere, winding it ſelf into the 

Tail, and the cloudy Part of it plac'd round about the central Solid. But, 

| as the Comet of 1680 and 1681 was the moſt remarkable, and moſt nicely 

| obſery'd by Sir Jſaac Newton, and many other Aſtronomers; it will be 

| ſufficient to give an Account of that, and the Figure of that Part of its 

Orbit, wherein it was viſible to us, ſich as Sir Jaac Newzon has given it in 

| the laſt Edition of his Principia. And, as I can't give his Senſe better 

chan in his own Words, I ſhall take the Liberty to make uſe of them. 


* 
* 


2 


« T have given (Pl. 28. Fig. 13.) a true Repreſentation of the Orbit, Pl. 28.F. 13. 


þ 


55 
7 


Then Sir Jſaac proceeds, in giving an Account of ſeveral Perſons, as 


ſt he 
N % * 


141 
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ind Decreaſe, as it appear d to them in ſeveral. 


be, vg 


Annotat. 


Lect. V. 


FEA 


e this Comet in its Paſſage by the Neighbourhood of the Sun, would 


412 


ee Vapours of Exhalations of the Earth, of the Sun, and other Planets 


a 


A Conſe of Experimental Philoſophy. 


ce Fh. 25. the Comet was without a Tail, and ſo it continued till it 
te diſappear d. „ „ „%%% a, 

« Now, if one reflects upon the Orbit deſcrib'd, and duly cong. 
6e ders the other Appearances of this Comet, he will be eaſily ſatisfied, 
« that the Bodies of Comets are ſolid, compact, fix d, and durable, like 
& the Bodies of the Planets. For, if they were nothing elſe, but the 


ce haye been immediately diſſipated. For the Heat of the Sun is as the 
de Denſity of its Rays, that is, reciprocally as the Square of the Dif 


e tances of the Places from the Sun. Therefore, ſince on Dec. 8. whe 


«© the Comet was in its Perihelion, the Diſtance thereof from the Center 


4 of the Sun, was to the Diſtance of the Karth from the ſame, as about 


© 6 to 1000; the Sun's Heat on the Comet was at that time to the 
te Heat of the Summer's Sun with us, as 1000000 to 36, or as 28000 to 


e 1. But the Heat of boiling Water is about 3 times greater than the 


« Heat, which dry Earth acquires from the Summer-Sun, as I hay: l 
« try'd; and the Heat of red hot Iron (if my Conjecture is right) is about 


&« or 4 times greater than the Heat of boiling Water. And therefor 


e the Heat which dry Earth on the Comet, while in its Peribelin, 


te might have conceived from the Rays of the Sun, was about 2000 times 


i reater than the Heat of red hot Iron. But by fo fierce a Het, 


64 Vapours, and Exhalations, and every volatile Matter, muſt. have bee 
« immediately conſum'd and diſſipated. 


„ This Comet, therefore, muſt have conceiv'd an immenſe Heat fron | 


& the Sun, and retain thab Heat for an exceeding long Time. For 
& Globe of Iron of an Inch Diameter, expos'd red-hot to the open Air, 
ce will ſcarcely loſe its Heat in an Hour's time; but a greater Globe 


4 would retam its Heat longer in Proportion of its Diameter, becauſe the 


4 Surface (in Proportion to which it is cool'd by the Contact of the am- 
&© bient Air) is in this Propofition leſs, in reſpe& of the Quantity of 
te the included hot Matter. And therefore a Globe of red hot Iron, e- 
& qual to our Earth, that is about 40000000 Feet in Diameter, would 
4 ſcarcely cool in an equal Number of Days, or in above 50000 Years 
« But I ſuſpect, that the Duration of Heat, may on account of ſome 
« latent Cauſes, increaſe in a yet leſs Proportion, than that of the Dis 
« meter; and I ſhould be glad, that the true Proportion was inveſtigated 
e by Experiments : + 1 


It is further to be obſerv'd, that the Comet in the Month of D. 


« cember, juſt after it had been heated by the Sun, did emit a much 
é longer Tail, and much more ſplendid, than in the Month of November 
© before, when it had not yet arriv'd at its Peribelion. And univerfally, 


_ © the greateſt and moſt fulgent Tails always ariſe from Comets, imme- 
_ ® diately after their paſſing by the Neighbourhood of the Sun; There 


** ſore the Heat received by the Comet, conduces to the greatneſs of the 


„Tail. From whence, I think, I may infer, that the Tail is n 
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« elſe but a very fine Vapour, which tfie Head, or Nucleus of the Comet Annotät. 
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After this, our incomparable Author gives an Account of three ſeveral 
Opinions concerning the Tails of Comets; and having, refuted two of 
them, goes on to prove the third (Which is alſo his own) in theſe 


0 
p 


Fs x: 


« wards the Parts oppoſite to the San, is further confirm'd from the 
hi Falls obſerye. As, that lying in the Planes of the 
4 Comets Orbits, which paſs through the Sun, they conſtantly deviate 
« from the Oppoſition of the Sun towards the Parts, which the Comets 
« Heads in their Progreſs along theſe Orbits have left. © That to a Spec- 


4 That the Tails of Comets do ariſe from their H 


© tator, placed in thoſe Planes, they appear in the Parts directly oppoſite 


« to the Sun; but as the Spectator recedes from theſe Planes, their De- 


| © yiation begins to appear, and daily becomes greater. That the Devi- 


4 x 


© ation, c4reris paribus, appears leſs, when the Tail is more oblique to 
| © the Orbit of the Comet, as well as when the Head of the Comet ap- 


« proaches nearer to the Sun; eſpecially, if the Angle of Deviation is 


| © eftimated nearer the Head of the Comet. That the Tails, which have 
| © no Deviation, appear ſtrait, but the, Tails which deviate, are likewiſe 
| © bent into a certain Curvature. That the Curvature. is greater, when 


* the Deviation is greater; and is more ſenſible, when the Tail, ceteris, | 


4 was is longer: For in the ſhorter Tails, the Curvature is hardly to 


4 be perceiv'd. That the Angle of Deviation is leſs near the Comet's 
©* Head, but greater towards the other End of the Tail; and that, be- 


| © cauſe the convex Side of the Tail regards the Parts, from which the De- 
| © viation is made, and which lye in a right Line, drawn out infinitely 


7 


4 from the Sun, through the Comet's Head. And that the Tails, that 


| © are long and broad, and ſhine with a ſtronger Light, appear more re- 
| © ſplendent, and more exactly defin'd on the convex than on the concave 


©* Side. Upon which Accounts, it is plain, that the Phenomena of the 


| © Tails of Comets depend upon the Motions of their Heads, and by no 
means upon the Places in the Heavens in Which their Heads are ſeen; 

Lund, that therefore the Tails of Comets do not proceed from the Re: 

| * frattion of the Heavens, but from their own Heads, which furniſh the 

* Matter that forms the Tail. For as, in our Air, the Smoak of a heated 
Body aſcends, either perpendicularly, if the Body is at Reſt, or oblique- 


(6 bu diavd | E od Lo bf ES 
| ly, if the, Body is moved obliquely * 
gravitate towards the Sun, Smoak aud 


o 4 


9 in the Heavens, where all Bodies 

6 & and Vapour muſt (as we have already 
2 F n „ ; 2. 2244 227 ö - | 
laid) aſcend from the Sun, and either riſe perpendicularly, if the ſmoak- 


ing Body is at Reft; or obliquely, if the Body in all the Progreſs of 


its Motion, is always leaving thoſe Places, from which, the upper or 


5 - 


© higher Parts of the Vapour had riſen before. And that Obliquity will 


BD” 


F 


- be leaft, where the Vapour aſcends with moſt Velocity, to wit, near the 


Hhh © ſmoaking 
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as an Argument, to ſhew, that a very ſmall Quantity of Air and 9955 


“ peing in its Peribelion; nor did that Part of the N | gen had 
il, ceale to ap- 


La 


* from their Heads, with a ſwift and continual Motion, and ſoon after 
tt diſapp 


Vapours and Ex- 
ons 


mm 


* CÞ 4 


8 
= 


&« from the Be 


ee not only the ſolid Bodies of the Planets and Comets, but alſo the ex- 


Lg 


Then after having ſhewn, why the Tails of Comets, when they are ve- 


* tremely rare Vapours of Comets Tails, maintain their rapid Motions | 
« with great Freedom, and for an exceeding long Time. 


. 


ry near the Sun, riſe to ſuch prodigious Heights from their Heads, 


and yet do not quit the Heads in the Motion of the Comets; he 


goes on. 


« The Tails therefore, that riſe in the Perihelion Poſitions of the Co- 
| © mets, will go along with their Heads into far remote Parts, and toge- 
* ther with the Heads will either return again from thence to us, after 


* a long Courſe of Years; or rather, will be there rarified, and by de- 
© grees quite vaniſh away. For afterwards, in the Deſcent of the Heads 
4 towards the Sun, new. ſhort Tails will be emitted from the Heads with 


© a ſlow Motion; and. thoſe Tails by degrees will be augmented im- 


“ mehſly, eſpecially in ſuch Comets as in their Perihelion Diſtances deſ- 
* cend as low as the Sun's Atmoſphere. For all Vapour in thoſe free 


> 


„Spaces, is in a perpetual State of Rarefaction and Dilatation. And 


* from hence it is, that the Tails of all Comets are broader at their up- 


per Extremity, than near their Heads. And it is not unlikely, but 


* that the Vapour, thus perpetually rarify'd and dilated, may be at laft 
* diſſipated, and ſcatter'd through the whole Heavens, and by little and 
© little be attracted towards the Planets, by its Gravity, and mix'd with 
* their Atmoſphere. For, as the Seas are abſolutely neceſſary to the Con- 


* ftitution, of our Earth, that from them the Sun, by. its Heat, may ex- 
* hale a ſufficient Quantity of Vapours, which being gathered together 
* into Clouds, may drop down in Rain, for watering of the Earth, and 


* for the Production and, Nouriſhment of Vegetables ; or being conden- 


* ſed with Cold on the Tops of Mountains (as ſome Philoſophers with 


* Reaſon judge) may run down in Springs and Rivers; ſo for the Conſer- 
vation of the Seas, and Fluids of the Planets, Comets ſeem to be re- 
„ quir'd, that from their Exhalations and Vapours condens'd,, the Waſtes 
Hof the Planetary Fluids, ſpent upon Vegetation and Putrefaction, and 


converted into dry Earth, may be continually ſupply'd and made up. 


* * 


For all Vegetables entirely derive their Growth from Fluids, and aſter- 


* wards in great Meaſure are turn'd into dry Earth by Putrefaftion, and 


© a Sort of Slime is always found to ſettle at the Bottom of utrified 
® Fluids, And hence, it is, chat the Bulk of the folid Earth is conti- 
4 ally incteaſed, and the Fluids, if they are not ſupplyd from without, | 


= muſt be im a "continual Decreaſe,” and quite fall at THE I ſuſpect more- 
over, that 'tis chiefly from the Comets that Spirit comes, which 1 * 
1 1 " 4 a 


1 f 6 
* 
1 


Annotat, © deed the ſmalleſt, but the moſt ſubtil and uſeful Part of our Air, ang 
Lect. V.“ ſo much requir'd to ſuſtain the Life of all things with us. 
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c The Atmoſpheres of Comets, in their Leſcent towards the Sun, by 
& running out into the Tails, are ſpent and diminiſh'd, and become nar. 
* rower, at leaſt on that Side, which regards the Sun; and in receding 
© from the Sun, when they leſs run out into the Tails, they are again 
ec enlarged, it Hevelius has juſtly. mark'd their Appearances. But they 
ce are ſeen leaſt of all, juſt after they have been moſt heated by the Sun, and 
© on that account then emit the longeſt and moſt reſplendent Tails, and 
e perhaps at the ſame time the Nuclei are environ'd with a denſer and 
& hlacker Smoak, in the lowermoſt Parts of their Atmoſphere. Por 
© Smoak, that is raiſed by a great and intenſe Beat, is commonly the 
& denſer and blacker; thus the Head of that Comet, which we hay: 
cc been deſcribing, at equal Diſtances both from the Sun and from th 
« Earth, appear'd darker after it had paſs'd by its Peribelion, than it did 
cc before. 1 in the Month of December it was commonly compar 
ce with the Stars of the third Magnitude; but in November, with thoſ 
& of the firſt or ſecond. And ſuch as ſaw both, Appearances, have de- 


1 P 


 & ſcrib'd the firſt, as of another and greater Comet. than the ſecond, 
Sir Iſaac confirms this, by the Obſervations of ſeveral A ſtronomen; 
then gives a Problem concerning a Comet's Trajectory (to which, and al 
that we have omitted of his on that Subject, I refer the mathematical 
Reader) and ſeveral Tables of Obſervations of Comets Places z and at lat 


he ſpeaks in general of Comets in the following Words, 
„ Becauſe of the great Number of Comets, of the great Diſtance of 
& their 4phelia from the Sun, and of the Slowneſs of Motions in the 
ce Aphelia, they will by their mutual Gravitations, diſturb each other: $0 
that their Excentricities, and the Times of their Revolutions will be 
* ſometimes; a little increaſed, and ſometimes diminiſhed., © Therefore we 
** are not to expect, that the ſame Comet will return exactly in the ſame 
Orbit, and in the ſame periodick Times. It will be ſufficient, if we 
< find the Changes no greater, than may ariſe, from the Cauſes juſt ſpo- 
04 er at Ct eee 
“ hended within the Limits of a Zodiack as the Planets are; but being 
5 confin d to no Bounds, are with various Motions diſperſed all over the 
« Heavens; namely, to this Purpoſe, that in their Apbelia, where their 
© Motions are exceeding flow, receding to greater Diſtances one from 
another, they may ſuffer leſs: Diſturbance from their mytual Gravitat!- 
. ons. "And zence. it is, that the Comets, which deſcend. the lopeſt, 
and therefore move the ſloweſt in their Apbelia, ought alſo to aſcend 


& . 
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c And hence a Reaſon may be aſſign'd, why Comets are not compre- 


PFF . s * 


| parated from ET G, in their Tendevy 

| Vity, the little one would move ſo much ares 2 

| 25 it has leſs Matter than the great one; ſo that the Momentum being 
equal in both, they will at meeting come to Reſt, deſtroying each other's. 


erhmental Philofophy.. 


44 


E 
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« The Comet, which appear'd in the Year 1680, was in its Perihelion, Annotat. 


« and becauſe of its extreme Velocity in that Proximity to the Sun, and 


e ſome Denſity of the Sun's Atmoſphere, it muſt have ſuffer'd ſome Re- 


« ſjſtance and Retardation ; and therefore, being attracted ſomething near- 
« er to the Sun in every Kexolution, will at laſt fall down upon the Body 
« of the Sun. Nay, in its Apbelion, where it moves the ſloweſt, it may 
« ſometimes happen to be yet farther retarded by the Attractions of other 
© Comets, and in conſequence of this Retardation deſcend to the Sun. So 


| © fixed Stars, that have been gradually waſted by the Light and Vapours 
| © emitted from them for a long time, may be recruited by Comets that 
« fall upon them, and from this freſh Supply of new Fuel, thoſe old 
| © Stars acquiring new Splendour, may paſs for new Stars. Of this kind are 
| © ſuch fix'd Stars as appear on a ſudden and ſhine with a wonderful Bright- 


« neſs at firſt, and afterwards vaniſh by little and little. 


9. CLA“. Page 357,——4#ion and Reaction are equal and contrary, as well 


in the Repulſions as Attraftions.} So the Gravitation betwixt the Earth*and | 
| its Parts is equal; for if we ſuppoſe the Earth FE H-IK “ to be divided Pl. 28. F.14 
| into two equal Parts, it is evident, that thoſe Parts would come together | 
with equal Forces. But if they be divided into two unequal Parts, viz. 


E * oy 


EF G and EIG by a Plane as EG; they will then alſo gravitate, or 
preſs towards one another with equal Forces (ſee Lect. 1. No. 11.) for if L. 1. No. 11. 


ne cut off from the Part EIG, the ſmaller Part HI K equal to EFG; 
then will the greater Part EG H K, become the Obſtacle, upon which the 


| two equal Quantities of Matter E FG and H IK do prels, whilft it elf 


remains in Æquilibrio between them. If we were to ſuppoſe E F G to be fe 


5 


much faſter towards the great one, 


Motion. For if the great one had more Force, it would go. in infinitum, 


| carrying E F G before it in the Direction IF. 


De better to illuſtrate the Law of Action and Re-aQtion, I think it 
May not be improper, to give my Reader the following Problem, communica- 


ted to me by a Friend. | 
162 PROBLEM. 


a 


To find what is the Force with which” the 'Breech of a Cannon is afted. 


5 
1 * 5 


upon, as it ſhoots out a 24 B Ball. 


According to Merſennus, a 24 Pounder, weighing 6400 Ib, it gives its 


an uniform Velocity of 600 Paris Feet in a Second, which makes 


640 Engliſh Feet. Now, let the Weight of the Cannon be called = c = 


towards each other by their Gra- 


« Jeſs diftant from the Sun, than by a ſixth Part of the Sun's Diameter; Lect. v. 


6400 15 | 


418 A Come of Experimental Philoſophy, 


Annotat. 6400 Ib, the Weight of the Ball = = #, and the uniform Velocity, 


Left, V. which the Powder gives it = V = 640 Feet in a Second. The Mone 


ta of the Cannon, and the Ball given by the ſame Force of Ponder 
will be equal; therefore £4 =b Vz conſequently, 6400 :.24. ;: 640; 2 
uU = the Velocity of the Cannon, if it recoil'd on an horizontal Plane 
perfectly ſmooth. But if the Cannon cannot recoil, the Force of th; 
| Powder acting but by Way of Preſſure, will give the Cannon a Shock 
with a Force as 15630. Therefore, when the Cannon recoils, Part o 
the Force of the Powder is employ'd in giving it a Velocity of 2,4 Peet 
in a Second, and the remaining Part acts upon the Cannon by Way of 
Preſſure. If then we would find how much the whole Preſſure x56;0 i 
diminiſh'd, when the Recoil is of 2,4 Feet in a Second; ſince the whole | 
Preſſure is to the partial Preſſure, as the whole Velocity is to the partil 
Velocity, the two Parts will be, as 640 — 2, 4: is to 2,4; Or as 631; 
is to 2,45 Or as 796:3- Therefore we muſt divide 15630 in the ſane 
Proportion, making 797: 3 :: 15639 —#: &; conſequently 797 3 (8) 
3: 15630: & 57,63 which Quantity being taken from 15630, leaves 1 
Prefſure as 15572,4 when the Cannon recoils freely. But the Pl 
form of the Battery not being perfectly ſmooth, and commonly riſuy 
backwards, the Recoil of the Cannon, which in ſuch a Cake is obligd u 
riſe, will be ſo little, that one may confider very near the whole Force oſ 
25630 as acting on the Cannon, and whatever ſtops it from recoiling. 
Now, as it is not ſufficient, only to compare the Weights and Velocitis | 
of the Ball and Cannon (becauſe the Force, which is expreſs'd by the Nun- 
ber 15630, might have been expreſs'd by any other Number, as it would 
have been by 1843 20, if we had taken 7680 Inches, inſtead of 640 Fet | 
in a Second for the Velocity of the Ball) we muſt ſhew, what Weight 
expreſs'd in Number of Pounds preſſing upon the Cannon, as a Weight 
laid on; is equal to the Force with which the Powder preſſes the Gun from 
within, as it throws out the Ball; which will be thus found. Let us fup- 
poſ the Length of the Cannon within to be of 12 Feet, and that the 
owder, as it expands in firing, drives out the Ball with a Velocity uni- 
formly accelerated, ſo that the Ball, when out of the Cannon, ſhall by an 
uniform Velocity, move 24 Feet in the fame time, that it moy'd 12 Feet 
in the Cannon by the accelerated Velocity. Therefore as the Ball, by 


_ that uniform Vel ocity, moves 640 Feet in a Second, it ſpends but = 7 and 


3 of a Second in moving 24 Feet, and conſequently ſpends but = in run- 
Wu 


ning the Length of the Inſide of the Cannon. Now, fince by accelerated 
Velocities che Spaces gone through, are as the Squares of the Times, 
then wall 45 be to x Second | z Or, 1: to 263 1 :: a8 12 Feet: 
to 85331 Feet, which the Ball would go in a Second with the accelerated 
Velocity, which it has in the Cannon; if therefore Gravity, with an ac. 
_ ee eee eee 1 * ye ROE .. 9 celerat 
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eelerated Force of 16 Feet in a Second, gives the Ball à Force of 244 Anhotak. 


Weight; the Action of the Powder, which is capable of giving it in the Le. V. 


fame time à Velocity of 85331 Feet in a Second, muſt give it a Momen- C 
un, or Force againſt the Cannon, equal to a Weight of 12800 f) 
becauſe 16 Feet : are to 24 tþ :: as 8533 Feet: to 12806 ih ſinoe Adlon 

| and Reste Are ec. e TH LOL ae SHHH'3 
If we allow the Cannon any ſenſible Recoil; the Effect of the Preſſure of 
the Powder muſt be diminiſh'd by the ſame Analogy,” as we diminiſh'd 
the Momentum in the former Conſideratio o. 


A Pendulum, whoſe Length is 39 Inobes and + Tenths Engliſh Mea- 
ſure, will perform one Vibration in one Second of Time.] That Length (ac- 
cording to a Meaſure, that has been taken at a Mean from two Standard 
Meafures of an Engliſh Yard, one of which is repofited at Guildhall, and 
the other at the Exchequer) 18 too much, '39,13 Inches, being the Length 


7 * ** 5 1 £ *. 
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W of a Second- Pendulum, which has been found, by comparing together ma- 


ny Experiments, none of which gave the Length above 39, 133, nor leſs 
than 39, 125. But I made uſe of 39, 2 Inches, becauſe it has been common. 
ly reckon'd the true Length, till more accurate Experiments have been 


by Mr. George Graham, and others, within theſe 15 or 20 Lears. 


10. [68. Page 377. The whole Curve ſo deſcrib'd is calld a Cycloid.] 
Let the Line B C* repreſent Part of the Earth's Surface, on which a Wheel = PI. 29. F. r: 
or generating Circle rolling, does with a Point of its Circumference de- 2 
ſcribe a Cycloid, as we have ſhewn; it is plain, that ſo ſmall a Part of the 
Earth's Surface, which a Wheel runs over in one Revolution, may be conſi- 
der'd as a Plane; and alſo, that if the generating Circle ſhould run along 
the under Side of the Line C B, it would by a Point of its Circumference, 

firſt apply'd to one End as C, deſcribe the ſame Sort of Curve, or Cy- 

# coid CGB, as if it had ran above the Line, which Curve would termi- 
nate at B, the Baſe of the Cycloid C B, being equal to the Circumference 
of the generating Circle, and the Curve C G B equal to 4 times the Dia- 
meter. But if the generating Circle ſhould run along the inner Surface of 
a Sphere, as from the Point c to h, inſtead of running from e to K along a 
Tangent of equal Length with the Curve c A 4, the Cycloid c Gb will be 
ſhorter and leſs curve, than if its Bake A had been ſtrait, as one may 
ke by comparing it with the Cycloid C G B, produced by the ſame ge- 
nerating Circle. This is call'd an Epicycloid. Now, if we ſuppoſe a large 
Wheel, or generating Circle, to be ſo big, that its Diameter ſhall bear a 
ſenfible Proportion to the Diameter of the Earth, its Revolution under 
the Earth's Surface would generate ſuch a Cyloid. And if the generating 

Circle ſhould be half as big as a Diameter of the Earth, as the (Circle uy, 
the Point A by the rolling of the generating Circle along the Hemiſphere 
or Semi-circle „ Ag, would deſcrive u þ a Diameter of the Earth; 1 
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A , that the Cycloid would degenerate into a ſtrait Lime. Now, in all theſe 
Left. V. Epicycloids, the Vibrations of a Pendulum, or of an heavy Body, ofcj]. 
AA. lating on either Side of the middle Point G or y, Cc. will be i/ochrong} 
Pl. 29. F. 1. For tho* we have ſhewn, that the Reaſon of a Body's falling faſter in 3 
5 Cuyeloid, than in an Arc of a Circle, or any other oblique Line, was he. 
cauſe the Body ſet out at firſt in the Direction in which Gravity acts; and 

here the Epicycloids being leſs curve than the common Cycloid, one 

would imagine, that they would loſe that Advantage of Steepneſs at 

firſt: Yet we can ſhew, that in all the Epicycloids ſuppos'd within the 

Earth, as Gb, or even in that which becomes a ſtrait Line, as « þ, Bo- 

dies begin their Motion in the ſame Direction as Gravity, whoſe Action 

tends towards the Center y ; for wherever the generating Circle begins its 
Revolution, a Line as vc, drawn from the Center of the Earth (in which 

Gravity acts) paſſes through the Center of the generating Circle, and the 
deſcribing Point: Whereas in the common Cycloid we build our Demon. 

ſtrations upon the Suppoſition, that the Lines, in which Gravity adts, are 

parallel to one another, which Suppoſition is very proper, conſidering the 

great Diſtance of the Center of the Earth, whereto thoſe Lines con- 


420 


* 
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I. 1. An. 11. We have ſhewn in the 11th Annotation of Lect. 1. Page 34 and 35, a 
2 Conſequence of the Earth attracting according to its Quantity of Mat- 
ter; that the Force of the Action of Gravity is greateſt at the Earth's 
Surface, decreaſing as the Squares of the Diſtances from its Center in- 
creaſe, when Bodies are remoy'd outwards farther and farther from the 
Earth's Surface; and that if Bodies are ſuppos'd-to come nearer to the 
Center, within the Earth, the Force of Gravity acting upon them, vil 
decreaſe directly as the Diſtance from the Center. If therefore ( ſuppo- 
ſing the Earth penetrable) ſeveral Bodies, as for Fxample 4, were placed, 
one at the Surface at Þ (about 4000 Miles from the Center y) another atG | 
(2500 Miles from it) another at H (2000 Miles from the Center) and the 
fourth at L (but 1000 Miles from it) the Force of Gravity acting upon 
-thoſe: ſeveral Bodies to drive them to the Center, would be reſpettively as 
4900, 2500, 2020, and 1000; that is, as their Diſtances from ; and 
conſẽquently, if they ſhould ſet out at the ſame Moment of Time, they 
would alſo arrive at the Center at the ſame Inſtant. So, that if there 
was an Hole through the Earth along the Diameter of it as & «, a Body 
falling from p, which, accor@ing to Mr. Mhiſton's Calculation, would come 
-from the Surface to the Center in 21 Minutes and 9 Seconds, would 
go from p tow in double the time, and ſo vibrate backwards and forwards 
in the Diameter pu, like a Pendulum: And if it began its Motion at H, 
it would take up as much time in going to I, vibrating backwards and for- 
wards (or rather up and down) in the Line HI. Vet therefore, if th! 
iſochronal Vibration in a Diameter of the Earth, which follows from à Sup 
« poſttion of the Autractiun of the Earth, being ' proportional to its Quantity 
Matter, be alſo a Conſequence of the iſochronal Vibrations of Pendulum, in 4 
_ Cycloid (which has been mathematically and experimentally demonſtrated) is 
jv! 1 7 


n n 


c q qq WE ane dr FIRE ro. 


WD ww, a rw, & To y* ww 


have run the Length of 1 Inch; then F and G will have turn'd round 4 


a 


of proving it. 


11. [70- Page 373. The Way to meaſure the eaft Alteration of Dimen« 


broek, the ingenious Profetior of Aſtronomy, Sc. at Utrecht, contriv'd a 
Machine, which he calls a Pyrometer, for this Purpoſe, whoſe Deſcription 
in his own Words, is as follows. So N e SE” 


* 1 : < : f ; ” , ” , 
1 1 : 12 ** * : + 4 | ** Lg 2 * 4 f $2 : * 20 4 2 * 1 ; P 7 
3 2 0 ; N 0 0 


muſt follow 1hat that Suppoſition is true. tho there are many other ways 
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Annotat. 
Lett. V. 


fons in Metals, ſo as to make it ſenſible, &c. Dr. Petrus van Muſchen- 


| The 2d Figure of Plate 29, repreſents the whole Machine, with all its Pl. 29. F. 


Parts together as it is us d. 


«AAA is an Iron turn - d up perpendicularly at one End, which Re- 
« turn is 12% Inches high. The other End, which is diſtant from it 44 


4 Inches, is alſo turn'd up, but then it is turn'd back again, fo as 


«© to make a broader horizontal ſquare Plate, the Side of which Square is 
« 2 Inches. The Iron it ſelf is 1 Inch wide and + of an Inch thick, 
« which Thickneſs was requir'd, left it ſhould eafily or ſoon grow hot, 
« which would hinder the Accuracy of the Experiment. 
e Upon the Iron Plate ſtands a Braſs Machine, which is drawn by it 
« ſelf in Fig. 3. where it is repreſented larger, and ſeen from another Side, 


© the better to diſcover its Parts, which for that Purpoſe are mark d with 


« the ſame Letters as in Fig. 2. This is fix'd to the Iron by two Screws 
NX, X, which are its Legs. D is a circular Plate of 225 Inches Diame- 
© ter divided into 300 equal Parts, which we have not number'd-in the 
« Figure, by reaſon of their Smallneſs. This divided Plate ſtands upon 
e four Pillars E, E, E, E, which join it to the lower Braſs Plate: Between 
ce theſe two Plates there is a perpendicular Steel Arbor or Axis F, which 
* has on its lower Part a Pinion of 6 Leaves or Teeth, and on its upper 
* a Wheel of 60 Teeth mark'd G: There is alſo another Axis I H, ſup- 
e ported by a Cock that comes down: from the upper Plate, and which 
* Axis with its upper End paſſes through the ſaid upper Plate, ſo as to 
© receive the Hand or Index I K; having at its lower End a Pinion of 6 
e Leaves to take the Teeth of the Wheel G. The Hand by one Turn of 
* the Pinion H is carried round to all the Divifions. There is beſides, a 
© little Rack or ſtreight Piece L with Teeth, which take the Leaves of 
„the Pigjon F, while the Rack ſlides along under two fall Cocks P, P, 
* hereſſt is preſſed towards the Pinion F by Help of two ſmall Screws M, 
* M, or drawn from it as there is Occafion, that the Teeth may take pro- 
* perly without ſticking or being too looſe. The Teeth of the Rack are 


4 25 in an Inch, and as it moves forward and backward, the Pinion F is 


* carried round, and conſequently the Wheel G, which carries round the 
© Pinion H, together with the Hand IK. Let us ſuppoſe the Rack to 


* 


* times and 2 and conſequently the Pinion H, will have gone roun 


<£ 10X 45, that is, 41} times, becauſe H turns round 10 times for G once: 
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A Courſe of | Experimental Philoſophy, © 


| Annotat. “ So that the Index IK, will /have mov'd round 41; times, and becauſe 
Lea. V.“ the upper Plate is divided into zoo Parts, the Hand muſt have run over 
WES"; 


oo Diviſions 414 times; that is, 12500 Parts. Therefore, when the 
« Hand goes but from one Diviſion to another, the Rack moves but the 
e 1250cth Part of an Inch. Now, ſince the Diviſions are ſtill large e. 
te nough to obſerve the Motion of the Hand to the Half of one of them, one 
“ may perceive when the Rack has mov'd ze Part of an Inch. Cars 
“e has been taken, that the Teeth and Pivots, ſhould have but juſt Play 
c“ enough to go free, without which, one can make no accurate Exper. 


ment. There is a female Screw goes through the Head of the Rack, 
pl. 29. F. 4 Ihe ath Figure repreſents a ſquare Bar, or Parallelopiped of Met, 


ee upon which the Experiment is made, 5 Inches long, and gs of an Inch 
ce thick, One End of it O has a ſmall Tail, that it may communicate no 


c ſenſible Degree of Heat to the Iron AA; it is received in a Notch 


ce near B, and fix'd by the Screw C. Its other End N has an Hole in i, 
« through which Hole goes the Screw Q, which makes it faſt to the 
& Rack L; but that End is alſo. made ſmall (as you ſee in the Figur) 
e leſt the Heat ſhould be communicated to the Rack. 

“ The Bar being thus fix'd,' cannot become longer, without ſhooting 
« forward the Rack L, and thereby moving round the Hand I K, by 
„ means of the Wheel and Pinions F, G, H; fo likewiſe, when it becomes 
& ſhorter, they muſt move the contrary Way. Now, leſt the Weight of 
« the Bar, ſhould hinder the Motion of the Rack, I have thruſt in a 


Piece of a Watch Spring between the ſquare Iron and Braſs Plates EA, 


de exactly of ſuch a Strength as to ſupport the Bar as much as its Gravity 
“ would depreſs it; fo that the Rack would then move with all poſſible 
& Freedom. However inſignificant this Particular may ſeem, yet it is 


c very neceſſary to be nice in it; for in making Experiments with Bars 


« of different Metals, I was oblig'd to draw out, or thruſt in my Spring 
« more or leſs, according to their different Weights. The Hand, or In- 


c dex I K moves ſo freely, that you will perceive it to move when the Bar 


« of Tin is made faſt to the Machine, if you but apply your warm 


Hand to the Bar; for Tin requires but a very ſmall Degree of Heat 


ce to alter its Dimenſions, as this Experiment proves. But to apply more 
« Heat conveniently, eſpecially the Flame of burning Spirits, there is a 


FI. 29. F. 5.“ Box made of Braſs (ſee Fig. 5.) 34 Inches long, 1= Inch wide, and 5 


« Inch deep, which is cover'd at Top with a Piece of blue Stops (ſuch 35 


ce will bear the Fire, call'd in Datch, Lye) which is repreſented it che H. 


te gure the underſide upwards. It was neceſſary to make this Cover of 


© Stone, leſt it ſhould-grow too hot, and ſet Fire to the Spirit within the 


« Lamp, as will happen when the Cover is made of Metal. It has a oy 
ce Hole cut through the Middle, into which is let in a Braſs Plate I, 
te which has 5 ſmall equidiſtant. Holes 55 Parts of an Inch aſunder, and 
© 733 Inch in Diameter, to tranſmit the Wieks of the Lamp. This 
« Lamp has 4 Feet, which cloſely take in the Iron A between chen, 
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« Tron, which in ſuch a Caſe would be heated, and by its lengthning 
« would difturb the Experiment: And even thus, in ſome Experiments I 
« have found it a little warm d. The Diſtance between the Bottom of 
ee the Bar and the upper Surface of the Lamp, muſt be half an Inch, 
&« that the Cotton Wieks that ſtand up 5; of an Inch, may give an exact 
c and equal Flame. The Cotton Threads muſt be very fine and even, 
* and 5, of them twiſted together muſt make a Wiek of about > of an 
Inch in Diameter. I took particular Care of every Circumſtance in ma- 


« king Experiments with this Machine; becauſe the leaſt Omiſſion might 
&« lead one into great Errors: For if the Wiek is drawn up too high thro' 


© the Cover of the Lamp, the Flame will be too large, which ſhews the 
« Neceſlity of keeping it to the ſame Height: Likewiſe in Experiments, 
ce that are made with highly re&ified Spirit of Wine, if there was not 
„ always an equal Quantity put into the Lamp, the Flame would be 
© ſupply'd too faſt or too ſſow, and ſo the Heat would vary; therefore 
« I took Care always to make my Experiments with the Lamp half full 
| © of Spirits, whereby 1 had the beſt Flames, which were of a cylindrick 
Form, from the Lamp to the Metal which they heated; only they 
e widen'd a little at Top the Diameter of their Baſe was 2 Parts of 
« an Inch. And to prevent the Motion of the Air, or the Breath of 
one's Mouth from moving the Flames, I cover'd the whole Inſtrument 
% with a Glaſs ; except juſt the Dial Plate, which came up above the 
“ Glaſs the better to obſerve the Inden. — 
“This being all ready, I proceeded to examine how much, Iron, 
© Steel, Copper, Braſs, Tin, and Lead were expanded by one Flame; 
e then how much they were expanded by Two; then by Three; then by 
Four; and laſtly, by all the-five- Flames: Then alſo, whether there 
was any Difference when two Flames burn'd next to each other, or two 
more diſtant Flames. CE. F OTS | EIS 8 | 
© One Day when it began to freeze, and Farenhey?'s Thermometer was 
* at 32 Degrees, the Wind in the Weſt, the Sky clouded, and the Mer- 
cury in the Barometer ſtood at 29 , I. laid the Metals above-mentio- 


equally: Then I apply'd them ſucceſſively to the Pyrometer, and having 
firſt lighted one Flame, I obſerv'd their Expanſion: Then having taken 
them off from the Pyrometer, J ſet them a cooling till they became as cold 


© on till I tried the Effet of all the five. Flames upon them. For Brevi- 


© ty's ſake, I have digeſted into the following Table what thoſe Effects 


were. The Degrees of Expanſion are mark d in Parts, of which each 

is the th Part of an Inch, It is to be obſerv'd of Tin, that it 

will eaſily melt, when heated by two of the Flames burning next to 

- one another, therefore one _ it with more Flames than two. 
112 


Lead 


E 


ned, cloſe to one another, upon a Stone, that they might be cool'd 


as at firſt, and try d them on the Pyrometer with two Flames; and ſo 
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« that in every Experiment the Flame may exactly come againſt the Mid- Annotat. . 
« dle of the Bar; but the Bottom of the Lamp muſt not touch the Lect. 
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Adds: cc Lead en melts with three Flames, which are next to one a o- 
2 * ther, By "Y burn * | 
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4K. TABLE; 


4 'Shewin how Metals are expanded by Se Heat of Flames 
75 ng bo of © Wi ine, e m N. OO our equal in 


.. f 422 ; F 1424S - 
1 . 1775 Iron Steel Copper Braſs Tin Lead 
dle. | 80 | 85 | 89 | 10 225 155 
1 7200 Flames is| bs 3 lcd £36" | . 
the Middle next| 117 123 | x15 2200 274 


* 
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| By two Flames 222 : „ 


diſtant from one 109 94 92 | 14t| 219 | 263 f 
another. 8 WR 122 ; | 


By three And | 
in the Middle next 142 | 168] 193 | 8 


| | By four Flames in| | | 1 
tbe Middle neut to 211 | 270 | 270 361 
one another. | | 6 0 


— aw -- —— os | — | co — 


|z all th | 774 3:1 T3 
7 22 Bus 20 310 310 14 +771. | 
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«T heſe Experiments were e made ſeveral times over; and tho' 15 Gil 
% not always agree, yet they never differ'd ſo much as five Degrees, 
« which is ſo little as not to be worth Notice; and this may be owing 
4 to the Play of the Teeth, which cannot be avoided in theſe Experi- 


te ments. But I 1 took the Mean of a great Number of Experi- 
ments. 
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5 « From theſe Experiments it appears at firſt View, that Iron is the Annotate 
| « [eaſt rarefied of any of theſe Metals, whether it be heated with one or Leck. V. ä 
« more Flames: And therefore is the moſt proper for making ſuch Machines Cy _— 
« or Inſtruments, which we would have to be leaſt alter d by Heat and 7 
« Cold. i e 1 
« Therefore it is very proper to make the Rods of Pendulums for 
| « Clocks, of Iron: They are not ſo good of Steel; and much worſe of 
% Braſs z yet ſometimes they are made of Copper, becauſe it is not ſo 
liable to ruſt 3 but yet, that is wrong. So likewiſe the Meaſures of 
| | Yards or Feet ſhould generally be made of Iron, that their Length may 
| © be as near as poſſible the ſame, Summer and Winter. 
_ «dly, The ane of Lead and Tin by only one Flame, is pretty 
« near the ſame. | | ; | 1 | 
„ 2dly, The fame Flame expands Tin and Lead almoſt the double of 
Iron; for their Expanſions are as 155 to 80; that is, nearly as 2 
W tor. | ROT ON . 
_ « 4thly, The Flames which are next to one another, and act upon the 
| © metalline Rods, cauſe a greater Rarefaction, than when they have a 
© ſenſible Interval between them: For two neighbouring Flames expand- 
| © ed Iron 117 Degrees, and two farther aſunder, but 109; and the ſame 
| © was obſervable in all the other Metals. | | 


« Now, this happens, becauſe all the Pa 


„ 


rts of the Fire do not riſe di- 

| © reftly up and apply themſelves to the Rods over them; but ſome fly 
* off fidewiſe from every Part of the Flame. Now, when two Flames 
© are at a Diſtance from one another, the lateral fiery Parts fly off from 

| © the Flames, and do not act upon the Metals; whereas, when they are 
rear together, thoſe Parts which fly off from the Side of one Flame 

| © towards the other, are reflected back from that Flame, as from a Spe- 
* ulum, and coming back into their own Flame again, are driven up- 

| © wards, and enter into the Metal, which thereby receiving a greater 
Quantity of Fire, muſt conſequently ſwell the more. 

« ;thly, Now, let us compare together the Expanſions of the ſame I 

* Metal, produc'd by one, two, three, or more Flames: Two Flames „„ - = 
„did not give double the Expanſion of one; nor three Flames three W 
times the Expanſion, but leſs; and the Expanſions differ ſo much the 
* more from the Ratio of the Number of the Flames, as there are more 

| © Flames acting at the ſame time. I ſhall hereafter give the Demonſtrati- 
on of that Phenomenon; now I ſhall only give the Proportions ef the 

© Expanſions obſery'd, in the following ſhort Table. 
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426 A cuiſe of Experimental Philoophy. 


Annotat. In Iron. In Steel. In Copper. In Bras. In Lead. 
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Lect. 


Fl. 29. F. 2. athly, Inſtead of the Rack NL (Fig. 20 I have a long thin Plate of Steel 


ee to melt, they are not equally expanded; but ſome are more expanded, 
c and ſome leſs. For Tin began to run when it was rarefied 2 19 De. 


_ uſe cylindrick ones; becauſe I can more certainly have them of the ſan; i 


Groove to receive a fine Watch-chain (or even an Horſe-hair) whereby 


- a” 


3 

338 1193 :: 1:25 110275 :: 1:2 e353 
85 9, 93 1.278 0 360 2 
173770 : 13730110:361:: 123172 
85 


80:21] :: 1.257 $5:270 :: 1:3 | 
1:331 $9:310 :: 1:3431110:377 :: 1:3 145 


$0:230 :: 1:2g2[$5:310 ;: 1: 


4 6 thly, Before Metals are, from the ſame Degree of Cold, brought 


& grees: But Braſs, which was expanded 377 Degrees, was far from he. 
c ing red hot, and conſequently very far from melting; and Copper wy 
« expanded 3 10 Degrees, whereas perhaps it muſt have been expande 
<« twice as much before it could melt. | 


So much tranſlated from Dr. Muſchenbroek, * ſerves to ſhew ſome a 


the many Uſes of the Pyrometer ; which I have improv'd by the folloy. 
ing Changes. 7] 


iſt, Inſtead of ſquare Rods of Metal, to make the Experiments upon, [ 


1% 3 * . e tw 


Size, by drawing them through the ſame Hole of a ſtrong Steel Plate 
ſuch as Wire-drawers uſe: And by that means, I am ſure, that the Bulk 
of the Metals compar'd are equal. e 4 


2dly, Inſtead of the Pinion F, I have a ſmall Roller of Steel truly round, 
but not poliſh'd, and filed on the Surface in the Direction of its Axis, f 
that it may be conſider'd as a little Wheel with an infinite Number of 
Teeth: Then the Wheel G upon the fame Axis has no Teeth, but only : 


it carries round a Roller at H with a little Groove, upon the Axis of 
which Roller the Index is fix'd at the upper End I. 


zdly, That the Chain whereby G carries H, may be neither too ſlack, 
nor too tight, the whole Dial-Plate (which in my Pyrometer is ſquare) 
and the Cock and Pinion H are driven towards, or from the Wheel 6, 
by a Screw faſten d to the upper Frame-Plate, which Plate receives tht 
Top of the Pillars and Arbor of G, whilſt the Dial-Plate ſlides upon it 
N. B. There is no ſuch Plate under the Dial-Plate in Dr. Muſchenbroek' 
Pyrometer. wi Tod | : 6s to 1 


about 55:5 Parts of an Inch broad, rough filed, ſo as to move the fit 
Roller F by rubbing againſt it. It is temper'd of a Spring Tempe", 
and a little curv'd, ſo as to have its convex Side bear againit F; bot 


| Ser the Notes of his Latin Tran/lation of the E {.#. ments of the Ki el Cimentc, Pan 
the 2d, from Page 12 to Page 18, 7 4 T | 4 | 


when 


1 
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when it is faſten'd to the Rod at N, there is a Spring fix'd to the lower Annotat. 
Braſs Plate, which draws 1t ſtreight and tight by its End L in the Dirc&i- Lect. V. 


n NL, and inſtead of the Cocks P, P (Eg. 3.) there are two Pullies pla- a 
ced horizontally, whoſe broad vertical Grooves receive and dirett the Pl. 29. F. z. 
Stcel Plate or Ruler, that ſupplies the Place of the Racx. 

| thly, Inſtead of the Watch Spring to ſupport the Bars, 1 have a ſmall 


Brass Roller of of an Inch Diameter, whoſe Axis is horizontal; and - 
"WS this Roller is rais'd up from its Pedeſtal, that is fix'd to the Iron at W 5 


| by a Screw, ſo as to come under every Rod of Metal, and ſupport it 
at its End N. 1 . | „ 
| The 6th Figure repreſents the lower Frame Plate, with my Alterations. pl. 29. F. 6 ; 
| BN is the round Rod of Metal to be tried, with the Steel Plate 

made faſt at N by the Pin Q. This Steel Plate, whoſe natural Situation 

i repreſented by the pointed Line N, is here kept in the ſtrait Line N 

. by means of the Spring S I., which hooks in the End of it at L, : 
WS drawing it in the Direction NL; and it is directed by the Grooves of 
, WT the Pullics P, P, fo that its Side, that is inclin'd to be convex when left 
at Liberty, now prefſes on the Roller H, which it turns by its Friction, 


zs it accedes towards, or recedes from L. The pointed Circle Gg re- 
preſents the Wheel above on the ſame Axis as H: gi G the Watch- 1 
Chain, carrying round the laſt Roller 7, and Index i, as in Dr. Muſe -. 
thenbroek's Pyrometer. The reſt is eaſily comprehended from what has 
deen faid, and a Sight of the 7th Figure, which repreſents the ſupport- Pl. 29, F. 7. 
ng Braſs Roller, rais'd and depreſs'd, by turning round the ſcrew'd 
late pp. „ | 


N. B. There is no Inconvenience in uſing the Horſe-hair if you take care 

| to place its Knot at G; for as the Motion is made in the Direction G 

, m g, the Knot will never go ſo far as g, and therefore in all its Moti- 
on bear equally in the Groove of the Wheel G. on | 


- WH By uſing Rollers, the Shake of Teeth is wholly avoided in my Pyro- 
„neter; fo that the Index begins to move the very Moment, that Heat 
„ds apply'd to the metalline Rods; and if you blew out the Flame, that 
ey OR the Index begins to return, which cannot happen where there 
mee leeth, | Lp Te 8 | 
F I mean the quick Return when the Heat is remoy'd. I muſt own,. 
4 that if we conſider the Motion of the Index only one Way, when once 
, the Teeth take, and it begins to move, it will go on regularly; therefore 
t Dr. Muſchenbroek's Experiments may be depended upon. However, I 
l| try them again with my Pyrometer the firſt Leiſure, I muſt alſo do 
rt the Doctor juſtice, to own, that he has ſignified to me in one = his 
| | | | 0 ' tterss. 
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Adm Letters, that if he had not f loſt his Workman, he would hav e made l 
Lec. V. new Pyrometer without Teeth 5 


WY NY 


12. L7z. Who afſert, that the Earth is an oblong Spheroid ( like ay 
Egg) higher at the Poles than the &guator, &c.) Monſieur Caſſini ſays, 
that the Earth is an oblong Spheroid, higher at the Poles than the Aqu. 
tor, making the Axis longer than a Diameter of the Æquator about ,, 
French Leagues, which he deduces from comparing his Father's Meaſure 
of the Meridian from Paris to the Pyrenean Mountains with thoſe of 


| Monſ. Picard, of which an Account may be ſeen in the Memoirs of the 


R. Academy for 17133 then having afterwards continued the Meridia, 
which is drawn through France, from Paris to Dunkirk, he ſtill dran 
Conſequences to prove as an oblong Spheroid; but then make, 
the Axis exceed the æquatörial Diameter 34 Leagues. : | 
Now, in order to prove this, M. Caſſini, taking the Meaſures above. 
mentioned to be exact enough, nat only to determine the Magnitude of 
a Degree of the Earth, correſponding with a Degree of a great Cir. 
cle of the Heavens ; but alſo to ſhew, even the Difference in the Degree; 
of the Earth (reckoning thoſe, that were meaſur'd in the South of Fran, 
to exceed thoſe towards the North, by a certain Number of Fathons 
and Feet) demonſtrates, that if the Degrees of the Earth are longer 


towards the Aquator than the Poles, the Plane of the Meridian muſt be 


an Ellipſe, whoſe long Axis is that of the Earth. | 

Monſieur Ca/fini's Demonſtration is certainly right; but the Meaſures 
taken could not, in the Nature of Things, determine any thing about 
the different Length of Degrees ſo near to one another; becauſe as thut 
Difference in one of the Suppoſitions is but of 11 or 12 Fathoms, and in 
another of about 31 at moſt, the Latitude muſt be taken to an ExaQnels, 
exceeding to the Nature of any Aſtronomical Inſtruments yet made, and 
much more than that of the Inſtruments made Uſe of by the Gentlemen 
who carried on the Meridian, - 5 5 

For in the firſt place, the Inſtrument, with which they took the Ob- 
ſervations for the Latitude at the two Ends of the Meridian, was a 10 
Foot Sector, where the 2octh Part of an Inch anſwers to 8 Seconds of: 


Degree. Now the 2ooth Part of an Inch, being one of the leaſt viſible 


Parts that we can ſee in a divided Line, they could not take an Angle 


nearer than that; nay, their Inſtrument, according to their own Deſcrip 


tion of it, was divided but to every 20 Seconds. They allow, that 


16 Toiſes (or Fathoms) upon the Surface of the Earth, anſwer to 1 Se 
| cond in the Heavens; and they don't pretend to have taken an Obſer- 
vation nearer than to about 3 Seconds, which therefore cannot determine 


a Difference leſs than 48 Toiſes; whereas the Degrees are only ſuppos d to 
decreaſe (at moſt) 3 1 Toiſes each from Collioure (the Southern Part of 
their Meridian) to Dunkirk; but an Error of 8 Seconds would make a 
Difference of 128 Toiſes on the Surface of the Earth, above 10 times 
greater than the Dilference of the Degrees in the firſt Su ppoſition, 20 


— , a ‚o— , : AE. c SS... 


GW _ ww wy 


TR How © 


| the Quadrant or Octant, which we muſt depend upon for the Difference = 
| of the Meaſure of Degrees. So that upon the whole, we are to deter- = 


above 200. | 


of Degrees, I found many Errors and Inconſiſtencies; particuiarly in the 
| meaſuring of the Height of Mountains, where 9 Obſervations of the Ba- 
| rometer for meaſuring the Height of them in the South of France, 


| with one another,” as to determine nothing at all. Nay, the Concluſion, 


the Principles he has afſum'd, are not to be allow'd him; and if they 


tor; whereas the Fact is, that ſuch Pendulums carried from Paris to the 


to Sir Jſaac Newton, and ſhewn the oblong Spheroid to be impoſſible, 


and Gray, + 


a. 


* Experimental Philoophy. 429 


z times greater than that Difference in the laſt. Beſides, the Latitude Annotat. 


vas not obſerv'd in the intermediate Places between Paris and Collioure, Leck. V. 


with the above-mention'd Inſtrument of 10 Foot Radius; but they made 
Uſe of a Quadrant, whoſe Radius was only 39 Inches, and ſometimes an 
Otant of 3 Foot Radius. Nay, they ſay themſelves in their Account, 

that it is not the Obſervations made at the Ends of the Meridian, that 

we are to deduce the Difference of the Length of a Degree from, but 

the Altitudes taken at ſeveral Places between the Extremes ; and if we | 5 Wi 
grant that they can take an Angle very well to 4 or 5 Seconds with the _ 
greater Inſtrument, they cannot come nearer than 12 or 15 Seconds with ä 


nine 2 Length of 31 Toiſes, by an Inſtrument, which is liable to err 


And indeed, upon a ſtrict Examination of the Account of the Meaſures 


which are ſaid to confirm their trigonometrical Meaſures, ſo entirely claſh 5 9 1 


that Degrees on the Earth increaſe in going towards the Aquator, is 
only drawn from ſome pick d Obſervations ; for if they are all compar'd 
. the Degrees will appear from thence to increaſe in going North- 
witds, s. e 20, ee ee e n 
Now, abſtracting from Obſervations, the ingenious Monſ. Mairan has 
endeayour'd to prove, that in an oblong Spheroid, Pendulums muſt be made 
ſhorter to ſwing Seconds at the AÆgquator, than in greater Latitudes; but 


vere, it would follow from them, that a Pendulum ſwinging Seconds at 


Paris, muſt be ſhorten'd an Inch to make it ſwing Seconds at the Æqua- 


Aquator, are only ſhorten'd „ of an Inch. Therefore, M. Mairan, by 
proving a great deal too much, proves nothing in this Caſe. Thoſe that 
are curious to know all, that relates to this Diſpute, may conſult the Phi- 
loſophical Tranſactions, No. 386, 387, 388 and 389, in which, I think, I 
have fully prov'd the oblate ſpheroidical Figure of the Earth, according 


TN. B. There are ſome Errata in my ſecond Diſſertation, which are 4 
corrected in the laſt Abridgement of the Tranſattions, by Meſſicurs Reid 
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at 'he De ſire f Fool Finds, ” 50 571 b 4 a Doſtii ton 
of my Planetarium, an Inſtrument, which I made lately, to A. the Mas 
:  Fion of che heavenly Bodies, 5 


Deſcription of the PLANETARIUM. 


AC HINES ad Mach 25 e the Motu 
and Appearances of * heaven al Bodies, have been juſty 
eſteem d in all Ages; 5 x; hg ince the Copernican Syſtem 
has been generally. receiv d; not "only as the moſt . probable 

Hypotheſis; but as Sir Lade 4 has, from the Lays 
x Gravity, prov d it the true Syſtem of the World #— at leaft, a g. 
tem of ſo much of the Univerſe as relates to us Inhabitants of the 


Farth; that is, ſo far as we can diſcover, not only by our Eyes, bas by 


means of Teleſcopes. 

By Help of ſuch Machines, a a great many Perſons, 10 have. not tine 
to apply t .cmſelyes to the Study of Aſtronomy, and yet are defirous to 
be acquainted with the. celeſtial Appearances, in a few Days may get a 
competent Knowledge of ſeveral Phznomena, and eſpecially, be cus d ot 
the common Prejudices againſt. the Motion of the Earth. 

When ſuch Aſtronomers, as are skill'd in Mechanicks, have mak or 
contrix d theſe kind of Movements, they have anſwer'd the Ends e 
by ſhewing ſo much as the Machine was intended to repreſent; but, 
when Inſtrument- makers, without a competent Knowledge of 2 
or proper Inſtructions from Perſons of Skill, have made improper A dditi- 
ons to ſuch. Machines as had been contrivd by Aſtronomers (under pre- 
tence of great Improvements) merely to make them pompous and coſtly ; 
the true Intention of the firſt Inventors, has been; deſtroy d, and the Buy- 
ers have paid dear for falſe Notions of Aſtronomy. 

Mr. George Graham (if I am rightly inform'd ) was the firſt Perſon in 
England, who made a Movement to ſhew the Motion of the Moon round 


* We ns not forget, that the Rev —_ ingenious My. * Bra ly, lden Profe Nor of 
Apr enomy at Oxford, vas en, it alſo Y late from Aſtronamical O fer "Vations, 


? | | | the 


— 0, Dun 


and Diſtances, ſhould alſo be repreſented by it ſelf. 
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the Earth, and of the Earth and Moon round the Sun, about 25 or 30 
Years ago. In this Machine every thing, that was ſhewn, was well and 
properly executed as the Phænomena of Day and Night, and their 
gradual Increaſe and Decreaſe, according to the Seaſons, the Places of 
the Earth where the Sun is ſucceſſively vertical, and ſeems to deſcribe 
its Parallels, the real annual Motion of the Earth, which gives the Sun 


| an apparent annual Motion, the Rotation of the Sun about its Axis, the 


periodical and ſynodical Month, the ſolar and ſydereal Days, the ſucceſ- 


| five Illumination of all the Parts of the Moon, Cc. This Machine being 


in the Hands of an Inſtrument - maker, to be ſent with ſome of his own 
Inſtruments to Prince Eugene, he copied it, and made the firſt for the 


| late Earl of Orrery, and then ſeveral others, with Additions of his own. 
| Sir Richard Steele, who knew nothing of Mr. Graham's Machine, in one 


of his Lucubrations, thinking to do juſtice to the firſt Eneourager, as 
well as to the Inventor, of ſuch a curious Inſtrument, call'd it an Orrery, 


= and gave Mr. 7. Rowley the Praiſe due to Mr. Grabam, 


Since that Time, the Orreries have been much in vogue, and executed 


in the moſt ornamental Manner, firſt by Mr. Rowley, then by other In- 


ſtrument- makers; but the Addition of the reſt of the Planets and the Sa- 


cellites, reckon'd by the Ignorant to be an Improvement, does but give 

| confus'd Ideas, and falſe, as to Diſtances and Proportions of Bigneſs ; 
= which will always be fo, whilſt the Orbit of the Moon about the Earth, 
| is fixd to the ſame Machine, that has the primary and | ſecondary Pla- 


nets. The general Syſtem (in which our Earth has but a ſmall Part) 
onght to be by it ſelIf— The Sun, Moon, and Earth, ought allo to be 


| ſhemn by themſelves; — and a Syſtem of a primary Planet (as Jupiter, 


for Example) with its Satellites in their true Proportion of Magaitudes — 


Theſe Conſiderations (and the Deſire of giving a true Notion of the 
celeſtial Phenomena, in the plaineſt and moſt expeditious manner, to ſuch 
Perſons as do me the Honour to frequent my Courſes of Experimental 
Philoſophy) induc'd me to contrive and make a Movement with all che 
Requiſites above- mentioned, that might ſhew in true Proportion what can 


| be fo repreſented in a eeleſtial Machine. : 


I have made it to conſiſt of ſeveral Parts to be put on and taken off ſuc» 
ceſſively; and have call'd it a PLANETARIUM, whoſe Deſcription I am 


| now going to give: But before I enter upon it, W hg ” 
I khmuſt defire the Reader to caſt his Eye upon the zoth Plate, which is Pl. zo. 


Mr. Myiſton's Scheme of the Solar Sytem epitomiz'd, whereby he will 
make himſelf acquainted with the mean D iſtances, Magnitudes, Periods, 
Quantities of Matter, Revolutions about the Axes, Denſities, and mean 


Velocities in their Orbits, of all the rimary and ſecondary Planets ;. and 
the Orbits of ſeveral Comets, the Periods of three of them. Only I 
mult obſerve ſome Things relating to this Scheme, which (if not conſi- 
der d) might lead into Error. GT 
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1 Tho? we ſe the Diſtance of the Planets from the Sun ſt down i 


Miles, we are not to imagine, that we can meaſure their Diſtances to a 


few Miles, as we really can the Moon's Diftance ; becauſe the Semi- diame- 


ter of the Earth (whoſe Quantity is known in Miles) being about th 


Part of the Moon's Diſtance, is a ſufficient Meaſure for the Moon's Di- 


ſtance z whereas it is ſcarce a twenty thouſandth Part of the Sun's Diſtance, 


therefore very inſufficient for a Meaſure of that Diftance. There are in. 
deed other Methods of coming at the Sun's Diſtance, as by the Parallax. of 
Mars, but none of them can aſcertain it to be a Million of Miles. We 


muſt ſtay till the next Tranſit of Venus acroſs the Sun's Disk in the 
Year 1761, May the 26th, when we may, by obſerving that Tranſit, find 


out the Sun's Diſtance within a 5ooth Part of the whole Diſtance, as Dr. 
Halley has ſhewn in the Philoſophical Tranſactions, No. 348. p. 454. and even 


that Advantage will bring us but within 15 or 16000 Miles of the Truth 


However, we know the proportionable Bigneſs and Diſtances of the Bo- 
dies revolving round the Sun; that is, if the Sun's Diſtance from the 
Earth be, as here ſet down, 81 Millions of Miles, all the other Diſtances 


and Diameters are right: We know thoſe Diſtances in Diameters of the 


Sun, which is the Way that moſt Aſtronomers expreſs them; for when, 


ever that comes to be known, all the reſt will be known too; and therefore 


their reſpective Proportions may be repreſented by Schemes and Machines: 


But not exactly what Proportion they bear to the Moon and Earth. | | 


rat: ENF I E oY I++ pt 
2. Venus is here ſet down, as turning about her Axis in 23 Hours; 
but ſince Mr. #hifton publiſhed his Scheme, Signior Bianchini has ob- 
ſerv'd, that ſhe is 24 Days and 8 Hours revolving round her Axis, 
which Axis is inclind to the Plane of her Orbit in an Angle of 15 
Degrees. 6 JJJVVVVVVVVVVCCCGG oen 


3. The Moon's Velocity in her Orbit, which is the only Planet, whoſe 
real Velocity we know, has been omitted here. She moves 2300 Miles in 
an Hour. The other Planets only move in an Hour the Miles ſet dows, 
Loppoſing the Sun at the Diſtance of 81 Millions of Miles from the 


Jo give a more eaſy Idea of the Diſtances and Diameters of the Bo 
dies, we will take them at a Mean in round Numbers; and ſuppoſing 


the Diftance from the Earth to the Sun, to be divided into 10 Parts, 


Mercury will be diſtant from the Sun 4 of thoſe Parts, Venus 7, Mars 
15, Jupiter 52, and Saturn 95. If we call the Suns Diameter 100; that 
of h will be 54,5 of A 10; of 6555; of © x; of 9 1; of 3 555 and 


: of the Moon 13345 and the Satellites of Y and H are conjectur'd to be 
about as big as our Earth. | i ig 
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4. Tho' the different Curvature of the Parts of the Elli pſes, in which the 


Planets move, is not ſenſible enough to be expreſs'd even in a larger 
scheme; yet the Excentricities might have been expreſs'd; but that it 
| was omitted to avoid Confuſion among the Comets Orbits. The Excen- 
tricities of the Planets may be expreſs'd by ſuppoſing the Line of the 
mean Diſtance of each, divided into rooo' equal Parts, and then the Ex- 

centricities will be the following Numbers of thoſe Parte. 


: Equal Parts 5 iy 


Saturn : ; 5 $i 125 b | 571 2 The f ps 
GP 4.5 0901.8. oof A } Excentricity . 
| Imagine the mean q Mars g 1000 l i pere, 
Diſtance of -| the Earth 2 1000 17 8 un 
| 7 5 e hy of its Diſtance 

I Venus E 10 ] 7 from theEarth, 
Mercury 1 £ 100015. 210% & een SITTING 
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Is find in a Frame of Ebony about 6 Inches High, and 3 Foot in 


Diameter, contain'd by twelve vertical Planes, on which are. repreſented 
the 12 Signs of the Zodiac. The upper Surface is flat of poliſn d Braſs, 
on whoſe outward Circumference are ſcrew'd in ſix Braſs, Pillars, which 
ſopport a large flat ſilver'd Ring repreſenting the Ecliptick, with. ſeveral 
Circles. drawn upon it. The three innermoſt - are divided into 12 Parts 
for the Signs of the Zodiac, each of which is divided into 30 Degrees 


and among thoſe Degrees are grav'd in their proper Places, the Nodes, 


| 4pbelia, and: greateſt North and South Latitudes of the, Planets. Between 


the next. two Circles are mark d the Cardinal Points. The next three 


| Circles have the Months and Days of the Month, according to the Julian 
Account; and the. three laſt have them likewiſe engrav'd, aceording to the 


| Gregorian Account. But in the zoth Plate J have omitted the Julian Ac- 


| count, as I have omitted the Gregorian. in the 3 iſt Plate. Upon the Braſs 
Surface of the Machine, are graduated Silver Circles, which carry the 
Planets (repreſented by ſilver d Balls) upon Arbors , or | Stems, that raiſe 
them up to the Height ofthe Plane of the Ecliptick ; and by turning about 
the Handle or Winch of the Planetarium, all the Planets move at their pro- 
portional Diſtances from a little gilt Ball in the middle, which repreſents the 
dun, and perform their Revolutions according to their periodical Times, 
There are fix d Indices of blued Steel, which ſhew. the Longitudes of 
the Planets, by pointing to the Diviſions of the ſilver d Rings or Cireles, 

as they move round. But as theſe Circles, being concentrick, give only 


the mean Diſtances; the true Orbits, according to their Excentricicies, are 


graved on the Outſide of each Circle, with, the periodical Times taken 
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perform'd by any Machine. The Noges and Aphelia, with the Places of 
greateſt North and South Latitudes, are allo mark'd on thoſe Orbits. 
As the Diſtances are in their true Proportions to each other; ſo likeyiſ 
are the Bodies of the Planets in their juſt Proportions to one another. 
But it cannot be expected, that the Diameters of the Planets ſhould be in 
Proportion to the Diameters of the Orbits; becauſe, taking Jupiter under 
3 Inches Diameter, and the Earth a little more than a quarter of an Inch, 
as in my Machine, it would require the Syſtem to be of the Bignelſs ofa | 
Mile and 1, the Orbit of Saturn about gooo Feet in Diameter, and ſo of 
the reft, which would make the Machine 3000 times bigger than 
it is. And if we would ſuit the Bodies to the Machine as it is, the Bo- 
dies muſt be 3zooo times leſs, which would render them all inviſible, but 
the Sun; and that would be leſs than eth Part of an Inch. For this 
Reaſon, I could not put in a Ball big enough to repreſent the Sun in re- 
ſpe& of my Planets; but we are to ſuppoſe the Sun (in reſpect of them) 2 
big as the inner Circle of the Silver Ring, which repreſents the Ecliptick 


Now in the ORRERI ES (as they call them) there js ſhewn no Propir 
tion of the Orbits to one another; nor of the Bodies to one another. 


As the Orbit of the Moon, and the Orbits of Jupiter and Saturn, are 

quite loſt in this Proportion of the Orbits of the primary Planets, much 

more are the Satellites themſelves ; therefore the Satellites are not put m 

in this Poſition of the Machine. But Saturn's Ring is join'd to Saturn's 

Body, according to its Proportion, and the Inclination of its Plane to the 

Plane of Saturn's Orbit: And as the Planet is carried round, the Ring 

always moves parallel to it ſelf, as it does in the Heavens. Thereby nc 

ſee why the Inhabitants of the Earth, in one Revolution of Saturn, ſee 

*P1.;1.F.1 the Ring twice in the moſt open Situation of the Auſæ, as in Figure 1,* 

| and twice, as if it had no Ring, that is, when the Edge of the Ring is 

towards the Earth (the Plane of the Ring going through the | Obſerver's 

Bye) 2 the ſucceſſive increafing and decreaſing of the viſible Bigneſs of 
„ 572 boned ane USBY fv r 9077: 28 300-0 REAR 

The 2d Figure repreſents Jupiter with his Belts, and the Spots where | 
by his Revolution has been obſerv'd. SAW , 10 nl 

When the Spettators have look'd long enough upon the Machine, to 

have a compleat Idea of the proportionable Bigneſs of the Planets ; Jupi- 

ter and Saturn are taken off, 'and then there are put on another Jupiter 

and another Saturn 3 times leſs than the former, in order to put Satellites 

about them (and at the ſame time the Moon is joined to the Earth) and 

ſhew how the Satellites accom any their primary Planet in its Courſe round 

the Sun. Theſe Satellites, which are Pearls upon crooked Stems, do not | 

turn by Clock-work round their Primaries (as 15 been done in ſome of 

the large Orrerits) but are only ſet by | the Hand; because, to do it 
would be only a needleſs Expence, to give a falſe Notion of their Big 
neſs, Diſtances, and Inclination of their Orbits, in reſpoct of their Prima. 
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a. part, where the Diſtances from the Primary, and the Bigneſs of the 


Gatellites, are expreſs'd : And in this Syſtem, tho Jupiter is but of about 
an Inch Diameter, the outermoſt Satellite is as far diſtant from Jupiter's 
Center, as Saturn is from the Sun in the Machine, which ſhews the Incon- 
ſiſtency and Diſproportion of making the Satellites to move round jupiter 
in an Orrery. Saturn's Satellites are ſtill more improperly put in; becauſe 
| four of them move in Orbits very much inclin'd to Saturn's Ecliptick, 


(viz. in an Angle of above 30 Degrees) and the zth has its Orbit al- 


| moſt in the ſame P lane as Saturn's Ecliptick, with a Diameter f greater 
than the Diameter of the whole Planetarium, even when Saturn is 3 times 


leſs than the Saturn of the Planetarium. | 


The next Thing put on, is a Contrivance to ſhew, that all the Con- 
ſuſon of the Planets Motions in the Prolemaick Hypotbefis (calbd their 
Stations and Retrogradations) is not really, but apparently fo, in the Co- 
| pernican, or true Syſtem of the World. And this is done by two Steel In- 
dices, one of which being always applied to the Sun, and ſucceſſively to 
the Top of the Stem of the Planet to be examin'd, whilft the other is 
apply d to the Earth (as a Center) and the faid Planet; by turning the 
Handle of the Machine, the Heliacentrict * and Geotentrick Places of the 


4 


Planet are ſeen on the Ecliptick at the fame Time; ſhewing, why the 
Planets ſeem to go backwards and forwards when view'd from the Earth; 
| tho' they go all the while regularly from Weſt to Kaſt, as they would be 


5 


ſen from the Sun. 


Then to fhew the true Inclination of the Orbits of the Planets ; having 
taken off all the filver'd Balls, which repreſented the Planets before, and 
their Stems, ſix Orbits of gilt Braſs Wire are put on, by means of Pil 
"high, as to have one Part above, and the other below, the Plane 
of the above defcrib'd Ecliptick ; whilſt the Nodes, in two oppofite Parts 
ol the Wire Circles are exactly in the Plane of the Ecliptick, and the 


lars ſet. upon the Orbits, that are grav'd upon t 


chine, ſo hi 


; 5 


little lower at 8 L. The Heads of theſe Pillars being round, repreſent 


ſupicer at each Node, and at the greateſt North, and the greateſt South 
Latitudes. Befides theſe four Balls, there are two others moveable upon 
the Wire, to be plac'd, one at the Aphelion, and other at the Perihellun, 
or in any other Places to ſhew the Longitude or Latitude of the Planet 
at any time; for one of the Steel Indices above-mentioned,” laid orer the 


» Pl Hen from the'Suny ar. ſſgton Ile Zar. 


es. But to gire a right Notion of | Jupiter and his Satellites, and Sa- 
turn and his Satellites ; there is ſhewn for each of theſe Planets a Syſtem 


Aphelia and Perihelia, according to their riglit Diſtances from the Sun, 
directly over the Letter A and P in each Orbit 'grav'd below. For 
Example, in Jupiter's Orbit, two Pillars of equal Height (and the 
| Height of the Plane of the Ecliptick above the great Plate) ſtand 
upon the Holes at 8 and 8, to fuſtain that Part of the Orbit, 
which is in the Node; a Pillar a little higher ſtands at N L, and one a 
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Center of the Sun and the Planet, ſhews its Heliocentrick Longitude, at 
the ſame time, that a moveable Arc of a Circle vertically ſtanding upon 
the Degree of the Ecliptick, which the Index is over or under, ſhews the 
Hleliocentrict Latitude: The Geocentrick Longitude and Latitude, being 
ſhewn in the ſame Manner, when the Index comes from the Earth. 71, 
other five Wire Orbits are fix d the ſame May. There is alſo a double In. 
dex opening like a Pair of Compaſſes, the Hole of whoſe Center being 
lac'd on the Sun's Stem, the Legs taking in the Orbits of Mercury ot 
Venus, the greateſt Elongation of thoſe Planets is ſhewn by a graduated 
Arc, that meaſures the angular Diſtance of thoſe Legs. 


N. B. The greateſt. Elongation of & is 28 Degrees, and of 2 48 D. 


_ grees, 


here is alſo a Wire bent into a parabolick Figure, and ſupported by 
three Pillars, to ſhew the lower Part of a Comet's Orbit; that is, 6 
far as we can obſerve of it. The Head of each Pillar repreſents the C4 
met at that Place; and the. fine Silver Wires extended from the Comet 
in its Peribelion, ſhew the Tail of the Comet, when it is biggeſt, 
As the Obſervations of the Eclipſes of Jupiter's Satellites, are of great 
Uſe in Aſtronomy ; I have made a particular Syſtem of Jupiter and his 
Satellites applicable to the Machine, whereby the Diſtances, Bigneſſes, 
and true Periods of the Satellites, in reſpect of Jupiter, are ſo truly ſhenn; 
that when we have taken off the Sun and the Wheel-work, which car: 
ries 8, 2, ©, and &, and put in the Wheel-work belonging to the 
Syſtem of Jupiter (each of theſe being put on or off in one Piece) ſome 
of the Wheels, that were before in the Planetarium, help to move o- 
Piter and his Satellites in. ſuch manner; that if they be once ſet by the 
Tables, you will by turning the Winch, ſee what Eclipſes of any of the 
Satellites will appear at any Time. There is a, Dial-plate with three 
Hands or Indices in one Corner of the Planetarium, where the Handle 


third Hand ſhews the Days. 


} « 


the Handle; together with the Uſe of the Lantern, to repreſent the Sun; 
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4 When a Satellite is hidden by the Body, of u, befor it comes in- 
to, "or after it is gone out of the Shodaw. | 


14; When a Satellite may be ſeen to croſs the Body of u. 
6. When a Satellite makes a Solar Eclipſe in 1, by throwing its Sha- 


dow upon ſome Part of its Surface. 


7. When Satellites eclipſe one another, 
95 much is ſhewn by by the PLANETARI UM ; reſtea f the general 


| Syſtem: As for the Repreſentation of the Phenomena of the Sun, Moon, and 


Earth in reſpect to each other, there ought to be another Machine; but for 
Conveniency of Carriage, I have contriv'd to change the above-mentioned Ma- 


W hint into one for his N tho ny bs Foun Trouble in mY the ne- 


e ay repre the Planetariam with oy the Sun, Moos and 


.. The Ecliptick being ſe upon other Pillars, is raiſed about 2 Inches 


higher than it was before. - 


2. The Surface of che Machine within thoſe e Pillars, f is a Plate panten 
Bu, inſtead of the poliſh'd Braſs before; becauſe the blue Colour of 
the Sky depends wholly upon the Earth's Armoſphere, and not a blue 
Arch or Canopy at an immenſe Diſtance. '/ - 

The Clock- work under this Plate, applying it af to the Clockwork 


- within the Machine, and the Winch beige fi 25 d to geker Part of the 


Machine, the following Motions win be perform d. 


3. The Sun (which is here a gilt Braſs Ball of. lle; Diameter) 
turns round his Axis from Weſt I Eaſt once in 25 Days 6 Hours; eve- 
ry Turn of the Handle being now a Day, which was a Month in the 
general Syſtem, and-the Hours being mark'd by an Index, and dirided 
Plate, at the Bottom of the Axis of the Earth. 


4. The annual Motion being ſtopp'd, the Earth (whoſe bee as well 
as that of the Sun, is in the Plane of the Ecliptick) turns in 24 Solar 
Hours round an Axis, inclin'd to the Plane of the Ecliptick in an Angle 
of 663 Degrees from Weſt to Eaſt, not mov ing out of its Place. But 


when the annual Motion is not lock'd, then it turns about its Axis once 
in 23 Hours and 56 Minutes, and at 'the ſame Time is carried round in 
its annual Orbit, from Weſt to Eaſt alſo; its Axis is all Ws * remain- 
ing parallel t to it ſelf 
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the Eaftern Part of tHe Solar Horizon, you will ke the Hour 
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An Account of the Phanomena explain'd only by the Rotation of the Eb 
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The Earth is here repreſented by a ſilyer' d Ball of an Inch Diameter, 
on which are drawn ſeveral Circles, as is done upon the common Globes, 


vi. the two Polar Circles, the Tropicks, the Æquator, the Eclip- 


tick, and the Parallel of London; likewiſe 24 Meridians, one of which 
grav'd in thicker than the reſt, repreſents the Meridian of London, which 
Place is expreſs'd by a ſtrong Spot or Point in 515 Degrees of North 
Latitude. From a rais'd and bent Wire-Arch f & g hangs a Plate like a 


_ Creſcent, wanting 47 Degrees of a whole Circle at Bottom, that it may 


not fall foul upon the Axis of the Earth. The Plane of this Plate does 
always paſs through the Center of the Earth, and facing the Sun, is a. 
ways perpendicular to a Ray coming from the Sun to the Earth, and con- 
ſequently divides the enlighten'd from the darken'd Part of the Earth: 


Therefore I call it a Solar Horizon, and W, E mark'd upon it, ſhew the 
Weſt and the Eaſt, pad 


In a. Line ſuppos'd to be drawn from the Center of the Sun to the 
Center of the Earth, is fix'd, upon two Props, the Solar Ray or Wire 
m u, to ſhew on what Part of the Earth the Sun ſhines perpendicularly at 
any Day, Hour, or Minute of the whole Lear. 


©. 


[1 

F> p 
i. $ 

* 


There is an Index , which ſhews the Place of the Earth an. che Fee 


liptick, and likewiſe oppoſite to it, there is another Index (with a little 


San grav'd upon. it) to ſhew the Sun's Place in the oppoſite: Part of. the 


_ "Taking hold of the blue Plate, the Earth: muſt be. brought to the firſt 


Degree of Capricorn, which will be ſhewn by its Index; then the Axis 
of the Earth (always making an Angle of 66% Degrees, with the Plane 
of the Ecliptick) muſt be ſo ſet, that the North Pole may be towards 
the Sun, and a Plane paſſing through the Axis of the Earth, and Num- 
ber XII in the Dial- Plate D, may alſo paſs through the Sun's Center. 


This gives the Situation of the Earth for: the longeſt. Day in our Nor- 


thern Hemiſphere, the Solar Index, which points to the: firſt Degree of 
Cancer, pointing alſo to the. 10th. Day of June: Set the Meridian of 


London to the Solar Ray, and the Index of the Dial-Plate D at Bottom 


to XII, and. you will have the Situation of London at Noon for the 
longeſt Day of the Year, where an Inhabitant being ſuppos'd to ſtand 
with his Face towards the South, will ſee the Sun before him. at its 
greateſt Altitude. y o 50614 ods ni ei oe 203 to 3607 4. 
No, by gently turning the Handle of the Machine, the Point repre- 
ſenting London, or an Inhabitant of it, will (by the Rotation of the 
Earth) be carried away towards the Eaſt; while the San ſeems to move 
Weſtward, or towards his right Hand; and when London is brought to 
0 Sun ; et 

"Yo ; +//;:;Jhewn 


3 # 


P, 
. * 
PPT 
{ . > E:4% * 
- pope: 4 - n 
1 


1 * > ) / 7 1 Py - 
©: = Gi 5 4 ? a - 1 - 5 
F p 1 x 7 * [1 FI 4 * ; . 
* Ls. oy 5 * & | 
15 5. 4: 4 - i 5 7 Ss N | 
ES 3 ö N i a +. # 5 » * . . . * — 
i 5, - , , 8 F "> N 4 1 1 
9 70 | | | FE: .H.. 
„ ' * 7 of 


ſhewn by the Index on the Earth's Aris and Dial- Plate D. Turn on; and 
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London will move in the ſhaded Part of the Earth on the other Side of 
the Solar Horizon in reſpe& of the Sm. When the Index is come to 
the other Number XII on the Dial-Plate, London is come to Midnight: 
As you turn on, London will come out from under the Solar Horizon at 


W, the Index below then pointing to the Hour of Sum- riſe, an Inhabi- 


tant per . the Sun as coming out of his Horizon in the Eaſt, or on 
his left Hand. You may then alſo obſerve, that in the whole Turn of 
the Earth about its Axis, the Solar Ray only. points to the Tropick of 
Cancer; no other Countries, but thofe that are under that Tropick, hav- 


ing the Sun vertical. And this would happen all the ear roumd, if the 


Earth had no annual Motion; neither would there be any Change of Sea- 
ſons, or Alteration of the Length of Days. Here by obſerving, how the 
Solar Horizon cuts the ſeveral Parallels, one may perceive, that all of 
them (except the Æquator) between the North and South Polar Circles, 
are unequally divided into diurnal and nocturnal Arcs, the former being 
greateſt on the - North-ſide-of the AÆquator, and the latter (that is, ſuch 
as are behind the Solar Horizon) on the South-fide of it. The North- 
em Polar Circle in this Situation, is always enlighten'd, being on the Sun- 
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ny ſide of the Solar Horizon, whilſt all the Regions contain d within the 


South Polar Circle continue in the Dark, notwithſtanding the Farth's di- 
urnal Revolution; the annual only being capable to change their uncom- 
fortable Situation of perpetual Darkneſs and Winter, to Day, Spring, 
r vor oe 19 iomd} bil bus 3807, b 
Now, let the Movement for the annual Motion be unlock'd, and join'd 
to the diurnal; then by turning the Handle, the Ball repreſenting the 
Earth, will move truly as the Earth does, and repreſent all the Phæno- 
nena depending upon the two Motions. , e e, n 2 


Firſt then, whilſt it continues to turn upon its own Axis, once in a 
Day, it goes forward in the Magnus Orbis from Weſt to Eaſt, accord ing 
to the Order of the Signs (or in con/equentia, as Aſtronomers call it) as 
is ſhewn by its Index, pointing ſucceſſively to all the Signs and Degrees 
of the Ecliptick, whilſt the Sun, round which it moves, ſeems to deſcribe 


the ſame, Orbit, alſo in con/equentia, or from Weſt to Eaſt, at the Di- 


ſtance. of ſix Signs; that is, ſeeming to ſet out from the firſt Degree of 
Cancer, juſt as the Earth does really ſet out from the firſt of Capri- 
corn, as the Solar Index # (over Taurus in Plate 3 2.) plainly ſhews. 


o 
1 


parallel to it ſelf, the Situation of it, in reſpect of the Sun, muſt be con- 


tinually chang' d; and a Plane paſſing through the ſaid Axis and the 


Number XII upon the Dial-Plate D, will not paſs through the Sun's 


Center again, when once it has left it, till at the Diſtance of half a Fare 


and then the North Pole of the Earth (Hhich was neareſt to the Sun 


* * 


fore) will be fartheſt from the Sun. N. B. The Situation of "the Earth; 


in reſpet of the Pole Star; to which the” Avis points, never fenjfibly ws 
%% 1 144 5 cauſe 


Now, as in the annual. Motion of the Earth, the Axis always remains 
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—_ becauſe the whole Diameter of | the Eart's Orbit bears us Proportion to:thi 
= Diſtance of the. fix'd Stars, which are 460000: times | farther from us thay 
3 the Sun, and therefore their Parallax cau't amount to one Second Minute if 


4 Degree. ee LA * 
Secondly, Obſerve, as the Earth moves on in the Ecliptick, that the 

North Polar Circle does gradually get under the Solar Horizon, which cuts 
it into two equal Parts, as the Earth enters into Aries (and the Sun ſrem- 
ingly into Libra) as it does alſo every parallel Circle all over the Earth, 
making the Diurnal and Nofturnal Arcs equal; and this is calbd the A. 
quinox, the Days and Nights being then of 12 Hours all over the Earth, 
as is alſo ſhewn by the horary Index at D: And both Poles being equal 
ly enlighten d have the Sun in their Horizon; likewiſe the Solar Ray, 
after having ſucceſſively pointed to all the Parallels ſuppos' d between the 
Tropick of Cancer and the Aquator, now points to the Afquator, whoſe 
every Part (for this Day, or one Turn of the Handle) ſucceſſively receives 
the perpendicular Light and Heat of the Sun; which is what the Pal. 

maicks call the Sun being in (or deſcribing) the Æquato . 


By continuing to turn the Handle, the Earth goes on gradually in a 
ſeguentia, and the Solar Horizon ſhews how the Lays continue to decreal 
as the diurnal Arcs ſhorten; and by degrees the whole Space contain d by 
the North Polar Circle hides it ſelf from the Sun, till it is quite behind 
the Solar Horizon, when the Earth comes to the firſt Degree of Cancer ; 
which ſhews, that all the Countries within that Space have no Day at all, 
whilſt the Countries within the South Polar Circle, being now on the 

Sunny-ſide of the Solar Horizon, have no Night at all. Now, the Solar 

. | Ray points to the Tropick of Capricorn, which by the Rotation of the 

Ti Earth, the Sun ſeems (or is ſaid) to deſcribe. The - Sun's Index alſo be- 
ing in Capricorn, and likewiſe pointing to the i 1th Day of December, ſhens, 
that we have the ſhorteſt Day at Landon, - whole Meaſure is ſhewn by the 
horary Index. The Earth being ſtill carried on, the Solar Ray will de- 
ſcribe the Parallels over again, being at the Aquator, when the Earth en- 

ters Libra (and the Sun ſeemingly Aries) and the Solar Horizon divides 
all the Parallels into equal diurnal and nocturnal Arcs, the Poles being now 
in the Plane of the Solar Horizon, Then as the Earth goes on, more of 
the North Polar Circle comes out towards the Sun, the diurnal Arcs, and 

conſequently the Days, in our Northern Hemiſphere increaſe, while thoſe 
beyond the Æquator decreaſe, till at laſt the «Earth comes to the firſt 
Degree of Capricorn, from whence it mov d at firſt: Then alſo is the Axis 

5 a * Fo - up return'd to the fame Situation in reſpe& to the Sun, that it 


Thirdly; Take off the Earth and its Solar Horizon, and put on another 
Earth of 2, Inches Diameter, whoſe Center will ſtill be in the Plane of 
the Ecliptick, This Earth having a graduated Meridian, and Pins (re- 
5 preſenting Inhabitants) perpendicularly ſtuck into the Tropicks, the Æqua- 
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ſome Parallels between thecSdlar Ray ( ſnortem d a little to 4 
ſerve for this Earth) will more plainly: chew, when the Sun is N „ 1 
to any of theſe: Inhabitants, and how.much ic is more or leſs ob ique to thoſe 8 : = 
without the Tropick in different: Seaſons; Pins being alſo fixed in thoſe 
Places. The Solar Raxwill hkewiſerexattly) ſhewthe/Degrets of the Sun's 
Deeclination upon the Degets off the Meridian of this Gebe. 
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 Fourthly, Take off this Globe; and put on another, which is only of 2 
Inches Diameter, of Ivory, having a Map of the World gravd upon it, 
| and a Silver Horiron to ſet eaſihy for àny Place. By this the Globe 
with its Horizon diſſeremly ſet; and the Solar Ray, are ſhewn the Phæuo- 
mena of the rigbt Sphere, of the obhligue Sphere, and of the parallel 
Sphere, Having ſet the Horizon for any Place, you ſee eaſily by the So- 
| lar Ray, when the Sun is above or below the Horizon of that Place, and 
| at what Point of the Compaſs it riſes in that Place all the Year round. 
= Whether it has Amplitude or not, whether Northern or Sourthern, and 
| how much more or leſs in one Latitude than another. That is, how much 
F 
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Hfithh, Put the little Earth on again, and having brought it to the firſt 
Degree of Capricorn, ſet the Hour- Index at XII towards tlie Sun, as al- 
ſo the Meridian of London. Then we are to conſider, that a Plane paſſing 
along the Axis of the Earth, and the Pole Star (at an immenſe Diſtance) 
does alſo paſs through the Meridian of London, and the Center of the Sun. 
No, having unlock d the annual Motion, that the Earth may turn about 
its Axis without moving out of its Place, every Turn of the Handle will 
carry round the Meridian of London till it comes back into its Place again, 
and London faces the Pole Star as before; that is; returns into the Plane, out 
of which it was carried; and this is call'd a Sy4ereal Day Now, as the 
Fun is in the ſame Plane as the Axis of the Earth and che Pole Star, the 
| Sydereal Day and Solar Day will be the fame, becauſe the Meridian of 
| London comes to the Sun's Center at the fame Time that it comes to the 
| Pole Star. But as this depends upon the Immobility of the Earth's Cen- 
ter, it is not true in Fact; therefore to know what does really happen, we 
muſt put on the annual Motion. Then one Turn of the Handle not only 
gives the Earth one Turn about its Axis, but makes it go forward almoſt 
one Degree in the Ecliptick. Now, if you obſerve the Meridian of Don- 
an, you will find, that it is not yet come to the Solar Ray; becauſe tho? 
it is come into the Plane, that paſſes through the Center of the Earth and 
the Pole Star, this Plane no longer paſſes through the Center of the Sun, 
becanſe the Center of the Earth has quitted its Place, and mov'd in conſe- 
[= 3 ſo that the Handle muſt be mov'd a little farther, before the 

eridian of London (which has gone quite round ta make” à Sydereal 
Day) comes to the Solar Ray to make à Solar Day, which is longer than 
the Sydereal Day, the Space of four Minutes in Time“ Therefore the 
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Stars near the Sun (which any Day at Noon would be viſible about the Sun, i 
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but; if weltum the Handle 1j Times, thold- 4j Diers 


only poi nes tor: that, Which is zimmedis 
more eaſterly, and the Hour Hand at: 
only ſhews the Sydereal Day, but muſt: by means of the Handle be broygh 


to the: Number I; before it points to the Sun's Center. If the Earth he 


before it, which is an Hoy: 


carried on one Noth. in its arnual Conrſez the Hour Index: when at II 


will want 2 Sydereal Hours of the Solar Noon: Aſter 3 Months it wi 
want 6 Hours: After 6 Months it will want 12 Hours, or be at the Sol 
Midnight, when it is at the Sydereal Noon; and this is the Reaſon; why the 
ir was totally eclipſed, but are invifible, becauſe: their Light is ſwallow'd 
in his) after 6 Months will be viſible at Midnight. After 9 Molaths, the 


HFHour-Index will want 18 Hours of pointing to the Sun; and after 1: 
Months, or one annual Revolution of the Earth, it wants 24 Hours, « 
nothin 55 that is, one Day is loſt, which the Sydereal Lear wants of the | 

Solar Year this Day being made up of all the Differences, or 36 


times 4 Minutes; but more exactly, 3654 times 3 Minutes, and 56 $6 
4 4 I f : , % &# 2 : W . 
mas un m aner 0¹ e 2063 MAJORS Se vs 
| | Sixthly, Bring back the Earth to the firſt Degree of Capricorn, take of 
the Solar Ray, and ſtick a little Index into the Sun in the Hole, which 
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it has to repreſent one of the Spots, which have ſhewn us the Time of it 
Revolution round its Axis. Unlock the annual Motion, and ſet this nen 


Solar Index towards the Meridian of Lonion, or the Hour -Index at XII. 


After 25 Turns and 2, the Solar Index will be come about and point to 


the Center ef the Earth; but the Meridian of London and Hour - Inden, 


which is in the Plane of it, will be got beyond XII quite to VI. This 


news the abſolute Time of the Sun's Revolution round its Axis. Place 


every thing as before, then! put on the annual Motion, obſerving; thut a 


the Solar Index points to the Center of the Earth, it points alſo to the 


Huſt Degree of Capricorn. Turn the Handle a 54 times, and you will find 


by pointing to the x Degree of Capricorn, which the Earth has non 
left, the Sun, appears to have made one entire Revolution about its Ax1s) 


but it requires near to Turns of the Handle to make it do ſo; this i; 


8 the Reaſon, Why Aſtronomers, who did mot believe the Motion of tht 


Earth, in obſerxing a Solar Spot, reckon d one Revolution of the Sun 


round its Axis, when the Sun was ſeen: from the Earth in the fame Part 


of the Sun's Disk, as it had been obſerv'd at firſt; and ſo affirm'd, . 


ndl 


the Plane paſſing through the Barth, and che Pole Star has fo far left cke 
Sr, that the Solar Ray inſtead of pointing td the Meridiin of Loni 


ottom, which points to XII 


E . e og tant S was ea cc. _ _ _ 
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A Deſtraption gf be Pia Evan uy, 

the Sun was about 27 Days turning on its Axis; when that Revolution is 
but apparent, the real Revolution being ended two Days beſore. 

orion % H ice 5113 03 old doit, GRAI ald 5d a0 2uq l 
 Seventbly,> Take! out the Pin or Index from the Sun's Surfaces bring 
Motion. Then on the Moon's Orbit à U fix the Moon's! Stem, and put 
an the Moon-e d, which is repreſented by a little Silver Ball, whoſe Dia- 
meter is ths; of that of the Ball repreſenting the Earth (according to 
the true Proportion of thoſe Bodies in Nature) having one Side plain to 


* 
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zraved to repreſent that Side of the Moon, which is never ſeen from the 
Farth,' Set the plain Side of the Moon towärds the 'Earthy: the Body of 
it being placed exactly between the Sun and the Earth, as in the time of 


ums 3, will carry the Moon quite round its Orbit, and bringrit back to 
| the ſame, Place again, which ſhews: the! Moon's Period is 27 Days and: 
near 8 Hours; ſecondly, that the ſame Side of the Moon is always turnd 
towards the Earth, the grav'd Hemiſphere of the, Ball being always averſe 
from it; thirdly, that the Moon turns only once about its Axis, whilft 
it makes one Revolution round the Earth; and fourthly, that the Periodi- 
a Month would be the ſame as the Synodical, if the E 
Motion; that is, the Revolution of the Moon, counting its Beginning 
from the New or Full- moon, would not end till the next New or Full- 
moon; Whereas in Nature, the Period of the. Moon (or periodical Month) 
| perform'd in ſomething leſs than 27 Days and 2; but the ſynodical 
Month, or Time from New-moon to the next New · moon, or from Full moon 
to the next; Full: moon, takes up the Time of about 291 Days : Becauſe; 
in the Time of one Revdlution, the Earth is carried on fo far in the Ec- 
liptick,, that When the Moon has compleated its Period round the Earth, 


muſt move on ſtill in its Orbit above 2 Days to be in a Line with the 
Sun and Earth. This is eaſily ſne mn by the Machine. For if you bring 
the Earth to the firſt, Degree of Capricorn, and place the Moon between 
the Earth and Sun; and, having put on the amual Motion, turn the 
the, Moon (tho it has compleated its Period) is not yet in à Line wich 
the Sun; but if you hold a String over the Center of the Moon and Earth, 
and another over the: Center of the Sun and the firſt Degree of Capricorn 
tuo Strings to be parallel, which ſhews that: the Moon as really finiſh'd 

its Period; tho} it does not ſeem to have done ſo in reſpect of the Sun. 
But if yon give the Handle 2 little more than two Turns, yo will finiſh 
the ſynodical Month, by bringing the Moon again between the Sun and 
Earth. And the Farth's Place on the Ecliptick, will ſhew that it has ad- 
r yitgon Cl mods vader 900th! 
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| repreſent that Side of the Moon, Wich we always ſee; and the other Side 


the New- moon; then turn the Handle. Lou will obſerve; firſt, chat 2 


rth had no annual 


r ö no longer in- a Line with the Center of the Earth and Sun ; but 
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Eighthly; Bring back the Earth to the firſt Degree of Cancer, ond har. 
ing put on the black Cap, which belongs to the Moon, with its conyey 
Side oppoſite to the Sun as at e, bring the Moon between the Earth 
and Sun; that is, to the Place of New- moon: Then turning the Handle 
all the Phaſes of the Moon will be given ſucceſſively, as they happen, whilg 
the Moon going round the Earth in its Orbit, is alſo carried round the 


Braun, together with the Earth. For, firſt, the black Cap repreſenting th 


ſnadowed Part of the Earth, does wholly cover all the white Hemiſpher 


ol the Moon, which is turn'd towards the Earth, thereby fhewing, hon 
the New-moon comes to be inviſible to us; then aſter a few Turns of the 
Handle, you may perceive, that a ſmall. Part of the white Hemiſphere i 


come from under the Cap (that is, out of the Shadow) and makes a Cre 
ſcent, and as you go on, you ſee the firſt Quarter; the Half. moon after 


7 Turns, and ſtill more and more comes from under the Cap, till x4 Tum 


and 4 makes the Phenomenon of Full- moon, when the white Hemiſphere 
is come quite out of the Cap, and the Earth is between the Sun and 
Moon. As you turn on, the Phaſes of the Moon gradually decreaſe til 
you come to have New moon again. And now all the above - mention 


Phænomena, may be ſeen at the ſame Time, as it happens in the Hee 
E ˙ il 26 2746, 217 o-blioy dSnols 
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Minthiy, Take off the Sun, and in the Place of it, put the Lantem 
belonging to the Planetarium, which has two convex Glaſſes (without which 
we could not have the Rays parallel, converging, or diverging, with ſuffic- 


ent Splendor) to ſhew how the Earth and Moon are enlighten'd by the 
Sun, together with the Phenomena of Eclipſes. Let the Room be mide 


dark, and then you will ſee the Phænomena of Day and Night, and the 
Seaſons and Phaſes of the Moon above mention'd, very plainly, without 
either the ſolar Horizon, or Moon's black Cap, which were only made 
uſe: of, when we could not compare Light and Darkneſssz. 

Buy making Uſe of the bigger Earth, with Pins properly fix'd for Inha- 
bitants, you may plainly ſee what Geographers ſay concerning the Inhabi 
tants of the Earth, in reſpect of their Shadows, as they call them Asi, 


Ampbiſcii, and Heteroſchis 5 you will allo the better compare together the 


Days and Seaſons of the Antæci, Perizci, and Antipodes; as likewiſe 
(when you uſe the Ivory Earth, with its Silver Horizon) ſee plainly bon 
the Sun appears to riſe above our Horizon and ſet below it, with ot 
without Amplitude, real Rays of Light now performing what the Solar 
Ray of Braſs Wire did before but imitate. There is alſo a Contrivance 
of a Silver Plate, to put upon any Flace of the Surface of the Earth, para 


lel to the moveable Horizon above mention'd, and which turns along with 


it, to ſhew the Diſtinction between the ſenſible and rational Horizon of : 
Place; but at the ſame time ta make it appear, that the Sun's immen{ 
Diſtance makes them ſo nearly co- incide, that the riſing and ſetting is tht 
lame at the ſame moment in reſpect to both. 
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than it really has, deſtroying one Truth to explain another. 
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The Moon's ſecondary Light (that is, the Light, which being reflected 
from the Earth, gives the dark Part of the Moon's Hemiſphere, which 
turn d towards the Earth, ſuch a faint Illumination as we receive from the 
Moon) whereby in ſerene Weather, at the time of the Moon's Cre- 
ſcent or Wane, we ſee the remaining Part of the Moon's Disk of a dun 


Colour (nay and ſometimes ſee the whole Moon it ſelf at the very Time of 
the New-moon) is very well ſhewn here by the Light of the Lantern ; 
as alſo how it is, that the Earth in its Turn, becomes a Moon to the 


Moon. | Hrs | V 
In order to ſhew the Phenomena of Eclipſes ; firſt, put on the little 


Earth, the Moon being on its Stem, and the Lantern in its Place, and 


you will obſerve, how the Moon in paſſing between the Sun and Earth, 
throws its Shadow upon ſome Part of the Earth, whoſe Inhabitants have a 


total Eclipſe of the Sun in thoſe Places, which the Shadow paſſes over, and a 
rtial one in the Penumbra, or near the Shadow. When the Moon be- 
ning Full, paſſes on the other Side of the Earth, ſo as to loſe her Light 
by the Interpoſition of the Earth's Body, that is, as ſhe goes through 
| the Shadow of the Earth, there js a total Eclipſe of the Moon, which 


all the Time of its Duration is ſeen by all the Inhabitants of that He- 
miſphere of the Earth, which is towards the Moon at that Time. Now, 


tho this Poſition of the Planetarium, does ſhew what a Solar and a 
| Lunar Eclipſe is; it does not repreſent what really happens in regard to 


the Time of Eclipſes ; for it ſhews an Eclipſe every New and Full-moon, 
whereas we ſeldom have more than four Eclipſes in a whole Year, and 


ſometimes not ſo many. The Reaſon is, that tho”: the artificial Earth 
and Moon on the Machine, do bear a juſt Proportion to one another, the 


Orbit of the Moon is 10 times leſs than it ought to be in Proportion 
to the Bodies: Beſides, the Orbit of the Moon is not in the fame 
Plane with the Ecliptick, but makes an Angle of about; Degrees with 
it; ſo that unleſs the Moon be in, or near, the Nodes (or the Places 
where the Moon's Orbit cuts the Plane of the Ecliptick) at the Time of 


Full or New-moon, there will be no Eclipſe ; the Shadow of the Moon 
aſſing northerly over, or ſoutherly under the Globe of the Earth at 


ew-moon ; and the Moon, at Full, paſſing northerly over, or ſouth- 


erly under the Shadow of the Earth at Full-moon. Some of the Orrer;- | 
makers indeed have made the Moon riſe and fall in its Courſe, in an Or- 


bit properly inclin'd, and beſides, have made the Nodes of that Orbit 
move backwards; or in antecedentia (that is, from Eaſt to Weſt) one Revo- 
lution in 19 Years, as it happens in Nature, but neither increaſing the 
Moon's Orbit, nor putting on ſmaller Balls for the Moon and Earth, this 


Inconveniency of too frequent Eclipſes has not been avoided. Others, to 


avoid it, have given the Moon's Orbit 3 or 4 times a greater Inclination 


Now, in my Planetarium, 1 ſhew the true Inclination of the Moon's 
Orbit, the Motion of the Nodes, and true Magnitude of the Orbit, in 
| N | M m m | 15 reſpect 
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if an Eclipſe, whether partial or total, of long or ſhort Duration, be. 


1 


dne Experinewal Phiophy 


reſpett of the Bodies, and conſequently the true Phenomena, relating u 


rine Time and Quantity of the Eclipſes, by making the following Change, 


I take off the Moon and Earth, and upon the filver'd Circle 2 (which 
is divided in 19 Parts, correſponding with 19 Years to ſhew the Motion 
of the Nodes) I fix upon Pillars an Orbit of fine gilt Wire, properly in 
clin'd, with Nodes upon it, and two fmall Moons, which, as well as, 
ſmall Earth, now to be put on, bear a juſt Proportion to the Bigneſs f 
the Orbit: And now by means of a little Piece of white Paper, held be. 
hind the Earth at the Time of New-moon, the Shadows of the Fart 
and Moon, thew whether there will be an Eclipſe of the Sun or not; 


ther Northerly or Southerly ; likewiſe by holding a Paper behind the Mom 
at the Time of the Full-moon, you may ſee whether there will be u 


Eclipſe of the Moon or not; and if an Eclipſe, of what kind, &= 


_ Tenthly, There are Parts to fix to the Planetarium, to ſhe what Pa. 
rallaxes are, and how they are to be obſerv'd ; as the annual, menſtrual 
and diurnal ; making it very evident, how the Diſtances of the Sun, and 
that of the fix d Stars, have been attempted, but not ſufficiently ſettle! 
by thoſe Methods, but that of the Moon exactly diſcover d. There is alfi 


a Contrivance to ſhew what is meant by the Longitude at Sea, which 


ſnews how it muſt be at laſt found by the Appulſes of the Moon to 


the fix'd Stars, when the Theory of the Moon comes to be perſecty 


I have alſo contriv'd an additional Part to ſhew a Celidography upon the 
Planetarium; that is, the Phenomena of the Spots of Venus, of Day 
and Night, and the Seaſons in that Planet, which (according to Sigur 
Bianchini's Diſcoveries) does in 24 Days ayd 8 Hours, turn round an 
Axis inclin'd in an Angle of 15 Degrees, to the Plane of the Orbit of the 
Planet, that Axis always continuing parallel to it ſelf. There is alſb a 
Wire to repreſent a perpendicular Solar Ray, and a Solar Horizon, to 


ſhew how ſenſible a Spiral the Sun muſt daily ſeem to move in to an TIyhi- 


bitant of Venus. The Lantern alſo may be put on inſtead of the Sun, &. 


But 1 forbear fixing this additional Machine to my Planetarium, till other 
Aftronomers Obſervations have confirmed Sigmor Bianchini's new and greit 


Diſcoveries. 


The Machine to fhew mechanically, how Planets and Comets, by 4 Riy 
drawn from the Sun, deſeribe Areas proportionable to the Times, whith J 
promis'd in the fixth Annotation to Lett. 5. (Page 406.) properly.belongs i 


the Planetarium; therefore I chooſe to diſcribe it hers, 


of ; Ft 


3 Kd — —— _ . 


2 LOB 


A Defcriptim of the PLANE TAR TUN. 


2 


The 7 th Figure repreſents the upper Surface of a Wooden- Frame, or | 


Caſe of Clock-Work, held together by four Screws. EI FV is a fil- 


| ver'd circular Plate, divided into 88 Parts (38 being the Number of Days 


of Mercury's * Time) with an Handle or Winch H G, and IA. 
dex GE. I KpPLM is a fiver d oval Plate, divided into: the ſame 


Number of Party as the circular: Plate, witk a Channel or Groove in it, 
for the little Braſs Ball or Planet P to move in. 8 repreſents the Sun 


of Steel, which going through the Planet P, carries it in the elliptick 


Channel, with a Velocity reciprocally proportional to its Diſtance from 8. 


The Part S'P' of this Index, which is intercepted between the Sun and 
Planet, or S and P. repreſents the Radius Yetdor already deſerib dp which 


W continually becomes ſhorter, as the Planet goes from the Aphelion to the 


Peribelion, and lengthens gradually as the Planet goes from the Periheli- 
n to the Apheliun- The Part PO of the: Index, which goes beyond the 


Planet, and whoſe End O does here deſcribe the Circle OQR IN, is of 
no Conſequence in our Aſtronomical Conſideration. If a Planet (as for 


Example, Mercury) moved in a circular Orbit, concentrick with the Sun, 


it would not only deſcribe equal Areas in equal Times, but alſo equal 


Arcs; then by uniformly turning the Handle H, the End of the Index 


at E would truly repreſent the Motion of ſuch a Planet. But if the Pla- 


| net moves in an Ellipſe in one of whole Foci the Sun is, and the Perihe- 
un be 6 times nearer than the Apholion; the Planet ſetting out from the 
Peribelion I, will move in an accelerated Motion in the Direction I K, 


PL, and from L will come by M to I with a retarded Motion, and fo 


in all its Revolutions continually change its Velocity, deſcribing: equal 


Ar eas in equal Times, whoſe Equality is ſhewn, and prov'd in the fol- 
lowing Manner. The Planet P with its Index through it, being brought 
to I, ſet the Index G E at E; then by means of the Handle H, carry 
on the Index ro Degrees, or from E to T, and you will perceive at the 
ſame time, that the Planet in thie Ellipſe will only go from I to K 3. 


Diviſions, the Radius Vector having moved from SI to S K, where 


by the Area STK will be deſcrib'd. Then if the Planet be ſet at 
the Peribelion L (to which Place it will be brought by turning the 


Handle Hö till' the Index comes to F) the Radius Vector on the Ellipſe 


will then be SL: And if the Index of the circular Plate, which repre- 


ſents the Time of the Motion, be carried on from F (44 Degrees) to V_ 


(54 Degrees) the Planet will go from L the whole Arc LM, or 20 De- 
grees, ſetting out 6 times faſter than it did at firſt from I, the Radius 
Vector deſcribing the Area 8 L M, fo much broader than SI K, as 8 L 


is ſhorter than $I, which makes this laſt Area SEM equal to the for- 


mer Area STK, and the Velocity of the Planet reciprocally as the Dil⸗ 
tance, If any intermediate Place be taken in tie Curve of the Ellipſe; as 
„ I ED” r 
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for Example, the Point p, whilſt the Index on the circular Plate moves 
10 Degrees, the Planet will go through the elliptical Arc pP, the Nadin 
Hector deſcribing the Area p SP equal to the former Areas. 
No, to ſhew the Contrivance of the Machine, let us take off the up- 
per Board of the Frame, as in Figure 8, where the circular and oval Plates, 
the Planet - Handle and the Indices, are only repreſented in prick'd Lines 
to ſhew their Places. Under the Bar or Bridge VG, are two Ovals QT 
and ON, moving each other about by means of a Cat · gut in a Groove on 
their Edge, which Gut croſſes at K. Theſe Ovals have their Centers of. 
Motion on their alternate Foci S and I. The Sun and Center of Motion 
of. the Radius Vector is fixd over 8. Now if the Handle be placed at [ 
t he Center of the other Ellipſe N O, that Part of the Circumference of the 
Ellipſe QT, which touches the Circumference of the Ellipſe N O is cat- 
ried round with Velocities proportionable to the Diftances from I, or to 
the Length of the Lines I K, I 4, I3, T2, Ir, Oc. which repre 
ſent unequal Leavers. Now, in the preſent Situation repreſented by the 
Draught, the Velocity of the Planet P in Peribelio is greateſt of all; for 
PS being equal to 8 K, P has the Velocity of the Point K, which is lead 
by the longeſt Leaver TK. But when the Ellipſe N O has made half a 
Turn, the Ellipſe QT changes its Situation, its Point V coming to, 
where it is led by the Leaver I r, fix times ſhorter than before, and the 
Planet having ſlipp'd along its Radius Vector, quite to its End, is over the 
Point T at its Aobelion, where it has 3 times leſs Velocity. The Reſt in 
Relation to the different Situation of the Ovals may be eafily conceiv'd 
by carefully obſerving the Figure. As for the two Wheels, whole Numbers 
of Teeth are equal (no matter what the Numbers are) they are only made 
Ule of to keep the Circle and Oval on the Surface of the Machine ( 
7.) at a proper Diſtance, and to give the Planet and the Index of the 
circular Plate of the fame Direction. : 8 


Se. 


N. B. The Ovals of Wood, and the oval. ſtlver d Plate: on the Machine, 
muſt be ſemilar; but they may be any kind of Ellipſes. I have taken ont 
Here, more excentrick than any Planet's Orbit, only to make the Phæno- 

mena the more ſenſible ; tho not fo excentrick as a Comet's Orbit, which 
would have exceeded the Bounds of the Machine.  _ © 


Tze END of the DESCRIPTION of che PLANETARIUM. | 
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and N 0. 29 in 16 
F two leaden Balls of about an Inch Diameter be pared with a Knife, 
ſo as to cut off a Segment of about 4 of an Inch Diameter, and they 


be preſs'd together (giving them à little Twiſt) pretty hard, they 


above 100 b. See the 6th Volume of the Philoſophical Tranſactions, 
Wy | 2 5 7 | IF EE „ 3 * 
adridg d by Melirs. Reid and Gray, Part 2d Page 2 and s. 


* 


 Betwixt the 20th. and 2 1it Annotation 4e Lect. x. this is to be added. 


Dr. Petrus van Muſchenbroek, the ingenious Profeſſor of Afronomy, &c: 


at Uirecht, has with indefatigable Pains and Application, made Experi- 
ments of the Attractions and Repulſions of . Load-ſtones, in reſpect to 
Iron, and to each other; but could never find any regular Proportion in 
the Increaſe of Attraction in their Approach to, or Decreaſe of Attrac- 
tion in their Receſs from, one another —— only, that the Force of the 
magnetick Virtue, did increaſe in the Approach to, and diminiſh in the Re- 
cefs from, the Stone; but not exactly as the Diſtance, nor as the Square, 
or Cube of the Diſtance, nor as the Square, or Cube of the Diſtance reci- 
procally — nor in any Proportion reducible to Numbers; and therefore he 


very reaſonably carb dee that the Repulſions and Attractions diſturb one 


| another, ſo as to confound the Proportion; nor are e to hope for any 

Rule concerning this Matter, till a Way be found (if ever it can be) of 
ſeparating the attracting from the repelling Parts. I refer the curious 
Reader to his Diſſertation concerning the Magnet, which is very worth 
every inquiſitive Philoſopher's Peruſal. It is printed at Leyden in Quar- 
1e, with ſeveral other valuable Diſſertations of the ſame Author: » » 


may be added. © 
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will ſtick together with a great Force; ſometimes ſo great as to hold 


Mr.. 


AM HE 


4 
4 
* 
N 
* 
A 
N 
% 
1 


E 
9.37 
1 
* 
W 
* IV 
ö 
7 
401 
7 
3 
5 \ 
Ke 7 
8 
; "3 
= 
— of 
45 
1 
$M 
: 
2 
IN 
7 By, 
"CS. 
33 
SAX 
N 
4" Ls 
* 
* 
af, 20 
I 
4 
Po 
5 
>, 
2 
ba "4 
1 
1 
: 
. 
I 
If 
i 
7 
VP, 
* 
8 
1 
3 
5 
2 
LY 
1 
4 
SE. 
T3 
82 
5 1 
7 
L 1 
* 
3 
5 . * 
3 
< 
1 5 . 
A 
91 
8 
* 
e 
5 
* 
f 


= - oY 
i 
* 
N 
1 3 
2 4 KEE 
1 "I 
- * 
4 1; 
N i 
: = 
: if 
22 
7 
7 Je! 
wy 
x 5 
; er 
x 7 
of 
ws. 
3 
2 
i 1 
4 f 
þ 7 
2 4 
al 
* ; #9 
* 
„ Ui 
b 9 4 . 
0 4 
g Sf: 
its 
; 0 
5 
+ 
201 ol 
BS pa 
EY "ty 
n 1 
1 
5 
4 4 
5 
4 
4 
& 
$7 
- * 
72 
1 
8 91 
© 
£ 
* 
2 
* 
* 
. 
3 
$ 
#3 
1 
33 
. 
"== 
4 
X 
$ 
3 
k 1 
3 i 
1 : 
32 
] 
= 
$7 
3 
| 7 
# 
4 13 
5 
FEES 
3x 
* 
7&9 
4 
R 
a 


" \ \ 
_ * 12 q , \ oy 
8 l l —_— —__ => * 1 
5 — CE N * . K 4 —_ 4 Sd. \ D ” = = \ 9 
* * Td IM > TY On a 1 A oy Fenn 1 * — R E 5 =. 4+ | 3, ”—"_ CODE ERIE 
8 AGREED . "DEAT FOI, AL CARE. 7 2 ln 1 >” ERP ES tas 8 Wc? n ber q EE... ++ 84>, Be - > hd 

So 8 25 - {4 . 24% - 2 pen nba 8 S = ae Op . LS 3A $67 Hg 2 1 n Li 1 Ry + * * . 2 R r P OY _ : 1 

ö 63 — Wy >; wy yn — — n — * "as. n CI ET F N NN n he —_ — = l IE 

* 0 —_—_ — 7 8 « 8 * . 7 . _ — De T8 — r W as l 
8 N OP „ „ DP e e . RES r 8 S = PETS Rr. 
* ECC 1 2 S 3 Fo N e ag Es. he Ng» I ah Nee r = 4 2 * * SE eee — p 5 LIEN 22 — "Tx * ö — 9 ä 
——— wt l e 2 5 : . 32 wks — — — — yer n ner 4 er. Bs We. i" rota Wt AE . — — 9 4 4 * * 
PEO * S 9 e 4 RED Tat IO CCC 1 9 By n re e l 8 LY 8 8 885 bert apa EET TA hy X . b _ : 
2 nn * n NN * hats. * £ 82 l fo EN Pr - Le Wy 22 PN ON es 4 I * 8 W on £1. Cn 2 * N * = - 4. 25 - no - 
* . * 7 DOES CPE ES, ENV SERIE 3 & be ack Ba. wp PL IE: s 1 8 45 co +. Wy 2 W : 5 2 bas V0 > 
$1 2 * * „ 0" ORITT. r „ r Ar E * ers Fa 8 2 * *. > 8 3 K 
5 1 : 22 4 ws & * 9 
— n <Z 3 n 5 & N q 
2 2 N 


* 


Mr. Stephen Gray, who has made greater Variety of electrical Experi. 
ments, than all the Philoſophers of this and the laſt Age; has, ſince 1 
began this Book, found out ſeveral new Phevomene' in Electricity, the Parti 


culars of which may be ſen in the Philoſophical Tranfations, No. 417. 
. 4 * ? & CO i * by * * 0 7 4 F 4 * * , 2 4 * 5 ” 4 
lars. of which may be ſen in the Philoſophical Tranſactiuns, No. 4j. 
1 7 7 . #: 4 # 5 a 85 6 ; 7 . 4 W. 7 p ” . ; . e , 2 95 7 25 * a 7 = or” "ary, R a” - if p 5 þ EY 
is 
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1 2 * rs *. l : n 295 SE ds 16 2. „ 72 22 2 | 4 2 R 
8 But for the Sake of ſuch, as may not have an Opportunity of ſeeing 
the Tranſactions, I will give a general Account of his Diſcoveries. 


1. That all ſuch Subſtances as cannot be made electrical by rubbi 


Ps 
a. 


may yet xegeive an electrica! Virtue, (as is viſible by their attrafting s- 


repelling Leaf-Gold) from a rubb'd Glaſs Cane (whether ſolid or hollow) 


not only in contact with the Tube, but by the intermediation of a String 
to very great Diſtances, as for Example, of above 300 Feet. Nay, if the 
Tube does not touch, but is is only rubb'd near the String, the electrical 
Virtue. will run along, And what is very remarkable, as the Virtus 
runs along an Hempep 8 

or Silk Lines; croſs Strings of Hemp or Flax, or even Wire, ftoppi 
the Propagation of the Virtue to a Diſtance, by receiving it laterally, | 


String, that String muſt be ſopported by Haix, 


4 


F 
« 


2. Very large Surfaces, as Maps, Table-Cloaths, &c. are impregnated 
— !. I hire hy For, rh 


3. A Load-ftone, and Tron hanging at it, will receive the electric 
Virtue, which therefore is not diſturb'd by magnetick Effluvia. 
4. The Electricity will be carried ſeveral Ways at the ſame Time, with- 
out touching the String of Communication with the Tube; as to tuo 
Balls of Ivory at the Ends of à very long String by rubbing the Tube near 
lH £3 ; bad rhe p 


4 


* 


* 


f to the Quan 


tity of Matter in Bodies, a ſolid and an hollow Cube of Wood attratt- 
ing the one as much as the other. „ 


6. The Effluvia are alſo carried round in à Circle, and communicate 
Fo FAS PEE 111/%é«ͤ‚ſ !!! bt SOS: 2M _ | 


from one Circle to another. | 
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7. This Virtue will be communicated to Leaves of Trees; nay een to 
Fa, . to Rubbles' of Toap'd Water. 


8. Animals alſo will receive this Virtue. A Man ſuſpended horizontal 
ly by two Hair Lines, attracts and repells Leaf Gold with his. Face and 
Hands, if the Tube be rubb'd near his Feet; nay; at the End of a long 
Fiſhing Rod held in his Hands, a Ball will attract and repel. It is 
remarkable, that the Virtue is ſtrongeſt at that Part of the * 

i | 1 ody, 


— — 2 


| — 5 5 ” 3 * # #6. gf we mg + 8 we : 
Care muſt be taken not to draw 
3 v * oo us $ + So 6 # 0 - . : 


od 
= | ; tract, and fo vice 
verſd. If the Man but juſt touch the Floor with aqmall Cane or Wire, 
the Virtue runs to the Floor, and the Man is hs longer electrical. S0 
hanging by an hempen Rope, carries away the Virtue to the Cieling 
; W „ / TT af I 


9. If two Boys be by Hair-Lines ſuſpended as above, and at a confide- 
able Diſtance from one another, the Virtue may be communicated from 
the one £0 the ocher by a String, which both hold, or tied tocheir Cloaths, 
the Eleftricity being always ftrongelt in him, who is at the, greateſt Diſ 
cance from the Tube © n 


10. Mr. Stephen Gray has found ſince, that if a Man ſtands upon a Cake 
of Rofin, or of Glafs, or of ſome other Subſtances, Which are of them- 


ſelves electricah, or become ſo by rubbipg; the Effett will be the ſame as if he 
diers were ny 


hung from a Hair-Line. 80 that if a whole Regiment of 
Line, and each Man ae a Cake;of Roſin held the next by the Hand, 
or only communicated with him by a Strin I do not doubt 4 but they 
might all be ſo impregnated with electrical Virtue 

ſhould be rubb'd near the firſt Man, the laſt would 


that when the Tube 
Man, with his Hand, Face, 
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taken not to d Conſequences from this Experiment; 
becauſe the Su cceſs of it will be different accord ng to Circumſtances. If 


the cylindrick Weights * be plac'd quite cloſe to the Spring when it is Pl. 4. F. . 


bent, the Weight K (of 8 Ounces) will be ſhot farther than half the 
Hiſtance that L. (of 4 Ounces) is ſhot. to; and that wilt happen for the 
Reaſons given in the 4th Annotation of Le#.. 5. Page 397 and 398. But 
i both the Weights be ſet at ſome Diſtance from the bent Spring, fo that 
the Spring may ge a ſudden Blow, and not ack long upon the Cylinders; 
then che/ Expariment wil lacceed: , N. B. That Diſtance muſty he found 

y Iryals ae raw aq: o 
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At the End of the 12th Annotation 10 th 24 Lecture. 


/ 


Mr. Charles d: Labelye, having further conſider'd the Motion of the 


baded. Cylinder (dee Plate 3. Fig. 16.) as it rolls up on an inclin:d Plane, 


communicated: to me ſeveral Propoſitions relating to that Motion, which 1. 
"wought woulck not be unacceptable do che carious Reader. 
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Let MT a, MS =, MB =. 4 we - Thall Tn 8 E 
BT, and e 8 No, fince ſince BT—BS=TS, it wil 
follow, that / —xx —bb—vVbbþ —xx=TS, which conſequent 
will be known by making » = to the Sine of the' Angle of Tyelination of 
the Plane with the Horizon, ſuppoſſ ing MT Radius. Gy 
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 4nother W: ay, without exiratting Root. 


As MS N is to the Sine of the Angle MTS:: 4 is MT(=0) 
to the Sine'of the Angle M S T; P which being known M 81 is alſo knonn: 
As the Sine of the Ang ole M TS: is to Ms hi 

the Angle MS: to 18 29 

| poſing the Center of Gravicy'i in C, it is Geng * the Cy 
linder will roll up till the Point V in the Circumference (having Me 
the ſame Poſition, as when at S oyer_T. And to find in what Point of the 
Line Ta the Point V will be applied, it is evident, that the Line To will be 
is equal to the Baſe of the Cylinder and Vertex at T and Axis upon TA, 
if you draw V O parallel to the Plane T F; by a Property of the 22 


d is is the Sine of 
Now, ſup 
CV = CR = TS) comes to v; for then the Center of Gravity will be in 
equal to the Arc I Vi therefore ſuppoſing a Cycloid *whoſe generating Circle | 
the Line VO, bein þ part of an Ordinate, will be equal to the Arc T V. 


Therefore making v equal to VC 0, vou wil have v the Point required. 
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Since the Oidinate HC 0 is Ade up of v O « qual to the Arc ſought, 
and I V equal to the Sine of the Angle of the faid Arc; by placing the 
fame Cyeloid, ſo as to have its Vextex at H, and Axis on H T, it will 
cut the Plane in I. ſo that H O will be equal to T'Y, from which ſub 
ſtracti Yo=HV, the Remainder * be Tu V= the * 5 


requir' d. 
Anoiber _ N 


the Cycloid 


Draw liſh V, V parallel to the Plane 4 and] placin - þ ; 
7 it wil cut 


with its Vertex at W, and its Axis on W L parallel 00 H 
the Plane at v; for LU TT HO, and LT my equal to WH= 
2 Y = * chere will remain Tes V 0 = the Arc V required. 
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It may be farther asd, hr Degree of Inclination to the 


„ D 4 
$48 * 
= Is * 

” * 1 « 


| | 5 Horizon, a 
Plane muſt have for the Cylinder to roll up that Plane the Lengtb of any 
ziven Arc of the Circumference of its Baſe z as for Example, ft ppoſe 

Arc given tobe TV. ITT e my 


Jo find this, we muſt conſider, that when the Center of Gravity is 


over V, after the Cylinder has roll'd, the Line CV, drawn through that 


Center of Gravity V, will make the ſame Angle with the Line VM 
(drawn through the Point V and M, the Center of 1 as the 
Line CT makes with T M, when the Center of Gravity is at 8 over T. 
Now, ſince the Angle CVI or CV M is equal to CIT M, and C IV 


to its oppoſite MIT; it muſt follow, that T MV given, is equal to 


TCV ſought. © Whence we conclude, that a Cirele paſſing through T, 
M and'V, will alſo paſs through C. From whence we obtain this fol- 
lowing Method The Arc IV being given, 16 find the Center of a Circle 


| paſſing through I, M, V; which Circle will cut a Circle deſcrib'd round 
the Center of Magnitude M (with the Diſtance of the Center of Gravity 


from it) at C: then making CR = CV, draw RCT, and where it cuts 


| the Circle of the Baſis of the Cylinder at T, draw MT, making the 


Angle MTS; and this Angle will be equal to vT Z, the required An- 


gle of Inclination of the Plane Tu, as is evident from what has been 


id, 6 Eh 
 PrOP.3, Plates. EE . 


It may be alſo demanded, How many Degrees FA the Circumference, or what 
Part of an Arc, will the Cylinder roll upon, 1 deſcribe a given Space on the in- 
din'd Plaue; that is, To being given, to find T V. This may be done 
two Ways; for having the Diameter, you muſt fay——As 113: is to 
355 :: ſo is the Diameter: to the Circumference, half of which will be 
the longeſt Tu, which the Cylinder can deſcribe. So by the Rule of 
Proportion'—'as half the Circumference : is to 180 Degrees :: ſo Tv 


(meaſur'd in Parts of the ſame Bigneſs, as thoſe of the half Circumfe- 


rence): will be to the Number of Degrees in the Arc I. 
But if it be required to find the Point V by Conſtruction; upon the 


Point T of the Line T v* or the Plane given, erect perpendicularly the Pl. 6, F. 6; h 


Line T A or Diameter of the Cylinder, and deſcribe the Circle equal to 


the Baſis of the Cylinder, then placing the Cycloid made ule of before, 


lo that the Axis being kept parallel to the Diameter of the Circle (which is 


here equal to the generating Circle) when the Vertex of the Cycloid is in 


the Circumference of the Circle, and the cycloidal Curve falls at the ſame 
Time on the Point v; you will have given you, by the Vertex of . 
nn fe” | cloid, 
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45% A Contſe of, Experimental Philoſophy, = 


cloid, the Point W; then taking T V equal to T W, it will be alſo equa 
to T from what has been ſaid before, Ge. FS RT OT RY 


As for finding the true Maximum of the Riſe of the Cylinder, it cannot le 
obtain d without finding ſome algebraick Formula, or Expreſſion, for the Riſe 
of the Center of Magnitude, as well as another Formula, without any more 
unknown CO than in the former Way of expreſſing the Deſcent of the 
Center of Gravity of the Cylinder whilſt it is rolling. Now from a due Cn. 
federation of the Figure, it appears, that theſe Formule require; the 'Refiij, 
cation of the Circumference of a Circle, or of ſome Arc thereof; which, mt 
being Poſſible to be done without infinite Series s, has made me leave thi 


5 4 er No. 45. (Left. 3.) Page 104, add — \- | 
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There is another very curious Contrivance, whereby a Power, whoſe 


Intenſity is continually diminiſhing, does yet produce an Efle&t continual- 
ly incrrafngs Yeh is a Sort of a mechanical Paradox; but as it is in 
common Vie, we are apt to overlook it: I mean the Application of the 
main Spring in a Gun-Lock, to drive the Cock, which carries the Flint 

| againſt the Hammer (or Steel-Plate, to ſtrike Fire) with an accelerated 

Pl. 22. F. 7. Motion, tho' the Spring is all the while unbending it ſelf. F SP *1s 

the Spring bent up to the higheſt Degree, when the Gun is cock d; but 
its natural Situation when wholly unbent, is FSp. ACT is the Tum iſ 
bler, whoſe Axis of Motion is at C, which is the middle of an Axel or 
Arbor, going through the Plate of the Lock, on the End of which the 
Cock (being the Weight to be mov'd by the Power) is fix'd upon a 
Square. Now, the Tumbler is in Effect an Axis in Peritrochio, with ſeveral 
Wheels, where the Power is ſueceſſively applied from the leaſt to the great · 
eſt, as in the Fuzee of a Watch. I have repreſented only three of them, 
according to the three moſt equal Poſitions of the Spring, by the pointed 
Cireles « g, ab, and A B. Now, tho the greateſt part of theſe Wheels 
is cut away when the Tumbler is reduc'd to its proper Figure A a u I, 
there is enough left of each of them for the Hook of the Spring P to ap 
ply it {elf ſucceſſively to them all, as it preſſes on the Arm Aa, with a 
lliding Motion from « to A, which is the whole Range of the Spring in 
its Action. When the Gun is cock'd, as in this Figure, the End of the 
Spring being applied at a, acts upon the Tumbler at the Diſtance a C, 
by the Wheel « p, fo as to preſs upon it at the greateſt Diſadvantage, at 
the ſame time, that the Spring is moſt bent, or has the greateſt Intenſity. 


1 


' 


* 


This is felt by applying the Hand to the Cock, which then makes the lealt 


I 22. F.8." In the 8th Figure, * the Gun being at Half-Cock, the Spring alis upon the 
Tumbler with more Advantage, preſſing in the Tangent of the _ ed 
5 VF; * ee 


* 
— 


Wheel a l, at the Diſtance a C, which gives the Cock more Force to deſ- 
cend, as may be felt by the Hand: For tho” the Spring is a little unbent, 
and ſo ſome what weaker; the Diminution of Intenſity in the Spring, is 
not ſo great as the mechanical Advantage gain d by the Diſtance being in- 
creaſed from « C to a c. VVTVVTVVV HOP BOTTRIT ILY * 


In the gth Figure, the Spring is ſtill more unbent; hut yet the Cock is 
preſs'd down with a much greater Force, becauſe the End of the Spring P 
now acting in the Tangent of the Circle AB, has A C for its Diſtance 
of Power, about 3 times greater than & C (the Diſtance of Power when the 
Gun is cock'd) whereas it is not unbent above 3, as may be ſeen by com- 
paring the 7th Figure with the 9. N n 


| At the End of the 875 Annotation to Lecture 3. Page 167, Inſert what 


The late Mr. Peter Daude, from whom I had this Propoſition concern- 
cerning the Preſſure upon the Center-Pin of an Axis in Peritrochio, not 
having at firſt conſider d, that the riſing and the falling Weight in the turn- 
ing the Axis in Peritrochio, partake of the Nature of a Pendulum ( becauſe, 
as they have different Velocities, they mutually accelerate and retard one a- 
nother) gave me afterwards the following Solution, wherein that Error is 
corrected. But, as it depends upon the Doctrine of Pendulums, which I 
have only conſider d towards the End of this firſt Volume, I thought pro- 
per not to give it the Reader till after I had treated of Pendulums. But, 
before I enter upon Mr. Daudb's Solution, it is proper to premiſe ſomething 
concerning the Center of Oſcillation . 2 bea r 


it, The Center of Gravity of two Bodies join'd together by a mathematical 
Line, is that Point in the Line, where each of thoſe two Bodies acts with its 
whole Weight in a State of Reſt; and this happens when their Momenta, 
which are in that Caſe the Product of their Quantities of Matter, by their 
Leavers, or Diftances from that Center of Gravity, are equal. So that that 
Center feels the Weight of both Bodies. e eee [397 


-2dly, The Center of Oſcillation of two ſuch Bodies, is 4 Point in that Line; 
upon which the two Bodies in Motion aft with all their Momenta z and this 
happens; where the Produdts of their Momenta, by their Diſtance from that 
Center of Oſcillation are equal; in which Point their Forces being equal, 
and their Motions not being contrary to one another, they act, or fall, ſo that 
this Point moves with the natural Velocity of falling Bodies, and they firike 


* 


zdly, If we ſuppoſe theſe two Bodies revolving round the Center of Su- 
penſion, the Centers of Gravity and Oſcillation, will both be on that Side, 


where the greateſt Momentum is. TT 
is | Nnn 2 A4hly, If 


„„ 


| 1 
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4thly, If the Center of Suſpenfion be between the two Bodic 
ter of Oſcillation will be on the Outſide of the two Bodies, eh 


at 12 


Center of Suſpenſion is on the Outfide of the two Bodies, the Center of 


Oſcillation then be between the two Bodies. 
Now, the Propoſition, n to Mr. Daudt's laſt 2 will be 


thus expreſs'd. 


PROPOSITION. 


To find the Preſſure, which #200 Bodies p and q in their Motion, » 4 cn. 
trary Directions, exert upon the Center-Pin of an Axis 1 in 3 or dou- 
ble Pulley made ene Piece. 


Let us ſuppoſe p greater than 7. then the Center of Gravity of the 
two Soon 7, 4 being beyond their Center of Motion 4 towards the Bo- 
7 will deſcend and cauſe the Body to riſe. __ 


dy „ he Bod 4g 
I Therefore to "ind their Center of Gravity 5, we muſt make. Us of 
this Analogy. 


7: N 2, and gz=pb+pa—p 2, which gires +18 


1 1e, 3 and caking that Value from 45 we have | Ape — 


NTT 


Now, clic the Motion of the two Bodies 75 9 „as *. tl a „de 


I Pendulum, whoſe Weight 2 7, hang one below the 1 — of Suſpenſi- 


Peel nd 75 e $4 64pbb _ 
Jap iti e. * qa—pb — eee, 


on, and the other above it, we mult find their Center. of Oſcillation 


thus, 


24 : h:: : 26% and — B:: 2 ge 


Therefore fince the center of Oſcillation falls with the PLE a1 Valoriy 
of heavy Bodies, which we will call V=1, let us make this Analog 


„(L)! „(A) VC): 5g the Velocity of the Fal 


9 27 


of the Center of Gravity 3. Then reducing the two firſt Terms of this 
Analogy to the ſame Denominator, we ſhall have this, 60 ( ec, 


TA -+ppbb) tes ( 2 


eg, the Velocity of the Fall of the 


qqaa--qpbb4pqaatppbb 


Center of Gravity. Therefore multiplying that Velocity of their Center 


of Gravity by the Sum of the two Bodies p ＋ 2, we ſhall have the Ms- 
1 OM: of their Fall (or ſo much « of their W ole Weight as actually 1 0 


equal 


192 
4D DE ND 
2 i das 
equal to 4. LL - 2, 5 which being ſubſtraBted from their 
whole natural Momentum, namely from 4 V + p V, there remains 


ba aa. b 
qpbb 725 3 2 2 which is i much of their 


Weight as preſſes upon « their n, (or rather Axis) of Motion. 


From! the 1 laſt Ke but one, may be drama the flowing ca. 


ne: 
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1 1e un Pefſce on c the Axis of wi the fog Paley. 
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lt be infinite, che Preſlure ypon the hots will „ 
e 
=h the Ereflure vill be 42 as in the fingle Pulley. 
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Ik ; be "infloite, the preſſure upon the 8 will be . becauſe chen lar 


Leaver 4 Ren in reſpect of the Infinite 7 
: COROLLARY, 4. 


If a be infinite, the Preſſure upon the Axis will bs 2, baut cen a the 
Leayer b is an in Wen to the Infinite 4. 


SCHOLIUM., 


Ic Myr been 1 3 that the Preſſure r in Center of the 
Axis in Peritrochio, is denoted. univerſally by this Expreſſion, 


bh b a- 
Z:- b 17 N 3 bur when 70 chere is an er e and 
then the Axis ſupports the two Weights 2+ 4, and in that Caſe 


D bet ages muſt = q ＋ p, which (ſuppoſing it ſo) gives 


724 4 wa 
12574 245344 qyan=gy volts AH 9 142 pp; therefore 
by Reduction, 22 ba =994 4+ ba 1906 —29Vacpphb=oz 


refore 


and by n the Square Root ee 0,and conſequent] 1 0 a=pb. 
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A Cour ſe'of (Experimental Philoſophy, 


Therefore it is true, that when 4 p l, one may equally deduce. from 
the Truth of our general OY 188280 tha the dere _ x 


Axis is 9 +p- EE. D. - 


The W. | which ths upon 2 / the Axis of the double Pulley can- 
not be increas by the Acceleration of the Weight 2, becauſe 3 makes 
the Weight of Bodies, which do not fall,” by —— an Ohſtacle hindering 
them, is only every ſingle Impulſion of Gravitation, and not the Sum of — 
of thoſe Impulſions; becauſe each particular Impulſion is deſtroy d by the 
Obſtacle as ſoon as it is given. But the Impulſions upon the deſc 
Weight do, each of them, give it a Velocity, which is not deftroy'd; 
therefore the given Velocities, being acchmulated, cauſe an Acceleration 
of Deſcent in the Weight , whilſt the Weight, that preſſes on the Aut 

of the Machine or Pulley, i is always equal, and the fame. ,, 


Page 189. Aſter the Words — All other Caſes may *s deduce ! fo Y 
thi, inſert — 12 1 yl V5 4 4. 0 E 4” 9 gh 


Tho' fron ſerve for finding the Sum of the Friftions to direft ou 
ractice; yet as I have in the Calculation omitted ſeveral Decimals, wire. 


by the Solutions might have come nearer to the 5 ; for the fake ofthe 
Curious, who may GT Solution id exact, Tgre'tere a Method 
to find it. > TS KKAADNS 01 


Since the Weights, | that are to. he ad to the 8 in order to overcmt 
Frifion, continually decreaſe, and always in the ſame Ratio, they. may be 70 | 
 fider'd as the Terms of a geometrical Progreſſion, Whoſe laſt Term is o 

In order to find the Sum of the Terms of ſuch a r the two 
—_— Oy OY mult be 1 


| at: dai 975 
1 ; 25a yaidon 25 5 12142 
In u geometrical wn or e ion, * *. F hy en e 1 10 
to the Sum of the "ral : 4s any one of the Antecedents: 3 is to its C hd 
guene. Oye Fa; | 5 ad 
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903 354 E: F 5 18 + By Dingo, clog '1 1200. 23 tit. ee 
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aha taking away the Expreſſions with 8 Signs,- it "gt 
6.4 22426 +4 +#+ fe 2. ag | 
7 RO _ LARY n * 


1 oW 5 

© that calling "the, Exponent of of the Pins greffion univer he fi 
Term a, the laſt Term 2, and 8 the Sees all the Terms, excepti Xa 
we have by the __ Lemma na - 4: 4: : 2-4: . Which 


24—4 a2 Ls; FIT 
16 -a 
length. 

iy x 645 of (7 1 - . 1 ; 5 : — + 


The 16 Tim Minus the ip, Jivided hs the Diode of the Progyeſſion; 
Heel by the Number 8 Md 4s equal 10 the 2 5 75 rhe Terms bus the Jah 
6 37 ris. 13 Cove Yi Mei: 3 weitet 10 hl 
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And in Progiefiioss, whoſe Terms continually Accel (as thoſe- of the 


Weights co Gvercome Frictions do) the laſt Term being equal to o, in- 
Hs ve mall have, ſuppoſing 2 equal. to the firſt Term, 


Ge . Ss that diniding the firt Term by the, Quanti 


ty equal 17 — Frage the Exponent of the Progreſſion will be had; 
and dividing ih firſt Term by that Exponent Minus 1, the Quotient will 
give the total 8 Fam, of alete Additions to be made on Account of Len 


* Ya 411 
1 3 4% a7 
„5 5 4131 7 
180 Men, net fr ef Lanritzco 6 at 


110. 


In the 4 1 de of Let are 4. . Page 186, the 7 u Te of. the 
Progreſſi ns is 18, the ſecond 6, — the Exponent is 3, which Expo- 


nent n leſſen d by 118 2, v7 which Number, dings the firſt 3 
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So in the Example of Rule the 3 Lecture 4h, Fond 188, the n Tem 
is 108, the ſecond 12, e's . = 13,55 
which i is equal to all. the Additions, , + 3 3 

S0 in the other Example, Base 185. the firſt Term i is 1 the ſecond 


10 
244333 Ge. whence the Exponent is 7,73 7 9 and —.— N 26 . 


which is the exact Sum of all the Super-additions. | 1 
Ir the Text I have only talen 7, 5 for the Exponent, having negledtel 


the two laſt Decimals, e e as in the Body of the 
| Lecture, Sec. i 5 7 * I. T ·˙·˖ ˖˙—·Xͤ;·œWn . . 


0 5 
. After theſe Words (Page 261) That the Parts of Bodies firuck, move i. 
warde the Blow, is a Conſequence of a Law of" Nature, which foal be e. 
& Duin d: in my next LeBlure—inſert what follows. PS 


Heng forgot 1 to take Notice of this i in the fifth [> a I beg the Ra 
"der would pleaſe to receive the l RE." 


The common Experiment of laying a Stick with its Ends upon tuo 
0 drinking Glaſſes full of Water, and ſtriking the Stick downwards in the 
Middle, with an Iron Bar, ſo as to break the Stick without breaking th: 
_ Glaſſes or ſpilling the Water, plainly proves the Fact; and the Obſervati 
on of what happens in the Experiment, (ſhews it to depend upon the fir 


o pl. 16. F.8. Law of Nature (Page 284.) For if the Glaſſes A, B, * have upon their 


Brims the Stick A H, whoſe Center of Gravity at C, is ſtruck by a Bar, 
- whoſe Settion is ſeen at C, the Stick, by the firſt Law, endeavouring to re- 
main. in its Place of Reſt, has only its Tenacity to reſiſt the Blow of the 
Bar, which breaks the Stick by the Time it is got to c, and now the tuo 
Parts of the Stick muſt be in the Poſition c a and cb, and ftill riſe, e 
ing towards C; for M, m, the Centers of Gravity ok the two Parts of | 
_ the Stick, endeayouring to remain in their reſpective Places, become thi 
Centers of Motion of thoſe two Sticks, whence it happens, that as by the 
Continuance of the Stroke, they are both puſh'd downwards at 4, thei 
5 4 and 6 muſt by a circular Motion be carried upwards and to 
wards 
This is confirmed by making the Experiment the contrary way ; for if 


F. ſtrike mY N wear in the 8 c C, you will bl "1 | 
C | any 


* a” 4 3 *y 
0 kN 4 ;' Texan" 
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— 
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a: 


D 


Glaſſes, if the : Blow be otros, and if the Blow be not very wich yet you 
ſpill the Water. e 


There i is alſo another Experiment, which makes this rery ; evident. 


Let the Circle or Hoop of Lead ABC# be hung up by the Seng n. 350 r. „ 


8 G, and then ſtruck by the Bar above mentioned at he Point B in an ho- 
rizontal Direction; the Effect will be, that the Ring will change its Fi 
gure from the Circle AB CDE F to the irregular Oval A/ CH De Fg; 
{o that not only the Parts of the Ring at A and C come towards 
Blow, while the Bar B (repreſented by its ſquare Section) moves from B 
to 6, but alſo the fart heſt Part of the Ring E comes forward to e, the 
Points A, C, F, D, becoming Centers of Motion for the Arcs (or Qua- 
any BG, BH, E G and E H, to be put into the Poſitions 4 g, 4h, 
g and eb, in which Caſe they muſt alter their Fi ure, becauſe they are 
= ſeparated from one another at the Points B, E. G, Ge. | 


Page 322. line 25, afier— odd Numbers, 1 Js 55 72 95 2 inſert 


As a great Part of my Auditors, tho? 1 very curious, are unacquairited Sith 
mathematical Studies ; I alwaysfound it very difficult to make them under- 
ſtand the Effe& of Gravity in accelerating Bodies in their Fall, by Galileo's. 
Scheme of Triangles, till J had prepar'd them by what I have now ſaid in 
the 14th Paragraph; but as that Account 1 is not AE _— I 7 this 


following | will ish) eyery body. 3 


i #3 * 


.: The Atkious o. 'Acceler bions of any WET Re W upon a NEWS are 75 
the ſame, or equal, Diftances from the central Body) always proportionable ta 
the Times; that is, equal in equal Times : And ne are . 4 Gravit y (as 
10 Lee mar 1b Surface 1 the BN: - | 


Suppoſe + a Body free to fall in wacuo, receives the 1 or Mill 
ons of Gravity during a certain Time, as for Example a whole Second; 
if that Time be divided into a great many ſmall Parts or Intervals (which 
I call Moments or Inſtants) the Velocity of the falling Body will increaſe 
uniformly. or equally at every ſuch Inſtant, which being all ſi uppos'd equal, 
the Spacks deferib'd in thoſe Inſtants by che falling Body, moſt be as the 
— ; that is, as "the Terms of an Arithmerical en ſuch, as: 


ollowing. | e det pee fie 35 
” 4 7 : < 
ET „ 9 „ n * 

| Moment os bfants Prlecties or 3 
oh * Om 

W 35 5205 „ K Di 41 „„ C 
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46 A Curſe of Experimental Philoſophy; 


The firſt Term of which is the Velocity of the falling Body, at the 
End of the firſt Inſtant acquir'd by the Sum of the Impulſions of Gravity 
during that Inſtant. The laſt Term will be the Velocity of the falling 
Body at the End of the laſt Inſtant of the Fall: And in the like manner 
the middle Term of the Progreſſion will expreſs the Velocity acquired at 
the End of Half the Time of the Fall, by the Sums of the Impulſions 
of Gravity during Half the Time of that Fall. And fince the Spaces de- 
ſcrib'd in the.ſame Time, areas the Velocities, the Sum of the Terms of the 
Progreſſion will expreſs the whole Space deſcrib'd during the whole Time 
of the Fall. Now by the Doctine of green it is univerſally known, 
that the mean Time multiplied by the Number of Terms, gives a Produſt 
equal to the Sum of the Progreſſion; that 1s, in the preſent Caſe, the 
mean Velocity (which is the Velocity, that the Body has acquir'd at the 
End of Half the Time of its Fall) multiplied by the whole Time of its 
Fall, will give a Space equal to the Spaces deſcrib'd by the Body during 
that Time, with an uniformly accelerated Motion. 


That is in other Words, © ca 


That, F the Body was to move uniformly during the whole Time of ile 
Fall, with that mean Velocity is has, when it has fallen half that Time; it 
would deſcribe a Space equal to that, which it deſcribes during the hole 
Time, when it ſets out from Reſi, and has its Velocity acccelerattd all the 
awhile. VV c 26 3 grins O37: . 


| | 5 e ieee A1 W650! 

Now ſince we have already faid, that the Velocities, or the Accelerati- 
ons of the falling Body are always proportional to the Times; the ulti - 
mate Velocity at the End of the Fall, muſt be double that of the mean 
Velocity, acquir'd at the End of Half the Time of the Fall; and conſe- 
quently, if that laſt, or greateſt Velocity, be multiplied by the whole Time 
of the Fall, the Product will be the Space, which the Body would deſcribe 
with that laſt Velocity in the ſame Time, and with an uniform Motion, 
which is double of the Space deſcrib'd during the fame Time, with 
the mean Velocity, or its Equal, viz. the Space deſcrib'd during the ſame 
Time by an accelerated Motion. ee 
Iis therefore evident, that after a Body is fallen freely during a cer- 
| tain Time; it has acquir'd, by the equal and uniform Accelerations of 
Gravity, a Velocity, ſuch as would make it deſcribe. (in a Time equal to 
the Time during” which it fell) a Space, double of that Space it went 
through in the ſame Time, with a Motion uniformly accelerated. : 
From hence, it will plainly appear, how the Motion of falling Bodies 1s 
accelerated; and the Spaces they deſcribe in any equal given Times, are 
as the odd Numbers x, 3 5, 7, Cc. and the total Spaces as the Squares 
of the Times. For let a Body in vacuo be ſuppos'd to fall by Gravity du- 
ring the Time of 4 Seconds; and if it be found, that at the End of the firſt 


* 


* * * 
dd £444 


Second, it has deſcrib'd a Space equal to one Rod; was Gravity to act no 
longer upon it, it has already acquir'd by uniform Accelerations, ſuch a 
Velocity at the End of that iſt Second, as would make it deſcribe a Space 
| equal to two Rods during the next Second with an uniform Motion. But 
Gravity continuing to act during the ſecond Second, the Sum of its Actions 
or Impulſions will be (near the Surface of the Earth, where the Diſtance 
from the Center is not ſenſibly alter d) equal to that of the Impulſions in 
the firſt Second, and therefore the Body will deſcribe three Rods in the next 
G&cond:* Now to find the Velocity of the falling Body at the End of the 
ſecond Second; we may conſider, that ſince from Gravity it acquir'd an 
uniform Velocity of two Rods per Second, by the Actions or Impulſions 
receiv'd during one Second, it will acquire a double Velocity, viz. of four 
Rods per Second of Time, after it has fallen, and been acted upon by 
Gravity, during two Seconds of Time; ſo that in the third Second (in- 
ſtead of the four Rods it would deſcribe, was Gravity to ceaſe to ac) it 
will deſcribe-five Rods, becauſe during that third Second, the Impulfions- 
of Gravity are alſo ſuppos d equal to thoſe it receiv'd in the firſt, In the 
ame Manner, and for the ſame Reaſon, was Gravity to ceaſe to act, after. 
having acted three Seconds, the Body would have a Velocity to deſcribe 
ſix Rods in one Second (triple of two Rods per Second, which is the. Velo- 
city, that Gravity gives in the Impulfions of a Second) but Gravity acting 
as before, during that fourth Second, the Body will, by the Addition, or 
| Sum of all thoſe joint Impulſions, deſcribe: ſeven Rods; fo that the Times- 
ind. Spaces will bc as follows, „ | : 
Number of each particular Second. Rods... 
1 2 iſ . - --- -- 17 07 Spaces 
1=2d --------- -.-- - - 3( deſcribd 
1=3d -------------- 5 i each 
12 4th - ü — — — 17 _ of them. 


4 Second 16 Rods: 


And it evidently appears from this Progreſſion, that the total Spaces 
from the Beginning of the Fall, are as the Squares of the Times ſpent, 
during which the Bodies fall; for in one Second the Spaces deſcrib'd are. 
Rod; in 2 Seconds, 1 3 =4 Rods (2 X 2); in 3 Seconds, I-35 
S Rods (3 X-3); and in 4 Seconds,.1-]-3 . 5 py 7 = 16 Rods (4X4). - 

herefore. it is true, that the Spaces deſcrib'd by falling Bodies, are in a 
duplicate Ratio of the Times or Velocities; and on the contrary, that the 
Times of the Fall or the Velotities acquir'd at the End of thoſe Times, . 
are in a ſub-duplicate Proportion of the Spaces, or as the ſquare Roots of 

thoſe Spaces. | Þ „ 1 ro 
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An Alphabetical 1 ND EX. 
Aphelion, , Planets and Comets move flower —— how to eſtimate the Force of Weight a8. 


in it | * 343 ing aud upon it 141, 142, 1 3, 1, 
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Action Balls Lead cohere very ſtrongly 183, 4% 
—— ſhewn by a Candle's Light 9, 10 Battering Ram 44s 4 
Attraction of Coheſion 10 the Stroke of it compar'd to the Stroke 
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— very conſiderable in ſtal Buttons —— its Action gonſider'd. 332, 95 

and Balls of Lead 2165, 449 © Bien a 7 
— Experiment of it with 01 of Oranges, Body, when ſtruck, its Parts move corn 


between two Glaſs Planes 11 


— Vith Fluids —_ in ſmall Tubes of _ their Particles in ſome Caſes 2 one 
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* With colour'd Spirit and ws riſing 
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Screw r, | | 112 
— its Force calculated 113, 114 
— its great Friction 98 114 
— a particular Advantage of it 115 
— applied to Percuſſion 116 
join'd with a Wheel | 119 


„ 


Scorpions (mechanical Engines) compar'd with 


Cannons 70, 71, 174, 175 
Sealing Wax, made tranſparent by Friction 


1 1 5 88 
Sledges, Experiments upon them 193 70 


Sliding Bodies on inclin'd Planes 8 


Sling 1 335, 330 


Solſtitial Tides ws 367, 368 
Space of 189 291 996 583 668 465 


020 Miles, which a Power, equal to the 


Strength of one Man, muſt go through 


to raile the Earth, but one Inch, accord-- 


ing to Archimedes's Prob 67 


Space of Time for the Performance, if the 
ſaid Power mov'd as ſwift as a Cannon- 


Ball, will be 26 978 123 942 460 
Years oh 66 


| Spokes, of Wheels muſt be inclin'd to the 


Naves "+ 47:5: 2403 
Spring and Neap Tides caus'd by the Action 


of the Sun and Moon, according to 


their different Poſitions 365, 366 


6G * * py * 
6 1 F g * 
4 | * 


o Page 1, 92 
Strength, cannot be gain'd without Loſs of 

Time and 675 N 67, 68 
— of Men an Horſes compar'd 241 to 


2 
—— pretended Feats of it wholly owi 4 
„ 235, 256 257 
— accounted for, as not exceeding the 
Power of any Man of moderate Stren 


| 22 257 to 262 
— real Feats of extraordinary Strength 


performd by Thomas Topham 280, 
| | 28 
Suppoſitions neceſſary for underſtanding Me- | 


chanicks 89, 90 
Syſtem of the World conſiderd 432, 433 


* 


ABLE, of the Friction of Sledge: 

7 Wo 2 
—— of the Friction of Carts and Wane: 
X36 21 
— of the Forces requir'd to bend Ropes o 
difterent Diameters, ſtretch'd by different 
Weights round the Rollers of different 
Diameters 235 
— of the Effect of Heat and Flame on 
Metals meaſured by the Pyrometer 424, 
—_ 20 


Tackle, of Three, a Calculation of 55 
Friction of its Sheeves and Ropes 236, 
2 237 

— of Four, of Five, and of Six 100 
— Experiments of the Friction of the Tac- 
kle of Five e 
Teſtudo of the Roman Soldiers; a Conjecture 
about it WT 


6 Tides, why daily retarded 364 


Times, periodical of the Planets experimen- 
tally compar'd with their Diſtances 391, 

05 3 392 
Topham, Thomas, real Feats of Strength per- 
form'd by him nt 2 ts 0 M0 
Towers, inclin'd not falling 358 
Traction, Angle of it confiderd 160 - 
Tube, of Glafs rubb'd, a. remarkable Pro- 
perty of it Py 


1 7 Auum, prov'd. by Experiment TY + 
— much more of it than Matter 
W e le oe ae DIE 


— Inter- 


An Alphabetical IN 
provid hay the different 


* 


wt, erer 
— Weight of Bodies of equal Bulk 45 
Velocity, what Page 


of a Weight conſider'd 0 from 
that of a LT... 264 73 


Vis inert 


louis, Carteſian, — by Net a 
e 306, 307, 308 


W 


Aggon-Way 


N 


_ Weight acting obliquely N a Lever 1 445 44 


. Wheel- * conſider d 
| Wheels, hig 


= ie. Allen deter by Mr. 55 . 
1 A to 2179 | 


N. B. 


Hlalf, is 


HE. Courſe of Experimental- Philoſophy, 
rform'd by the Author at 12 Houſe in Channel. Row 


E 6 1 5 * 5 3 
*. RD 


Wedge, defin'd Abs . TY 13 | 
— further conniderd, 454 BE of — 
its Manner of Action | 107.60 13 | + = 

ke defin'd | — 
n, „ Bodies, on the Moon's Surface = 
f Bodies, greateſt on theSurfact of {im 4 

75 A in Fropomtion to their N 
atter 


'201 5 2:9 
and low, compared 177 ta 


174 
— great, more advantageous than little, 
| on 2 Groutid's e 


208, 209 


. which this Firſt - Velu Nrn. 


Hours, as thall be upon by the Majority of the Auditors. V. B. Every Aller is to 
ay Three Guineas, hen the Number is not leſs than twelve Perſons ; but amy Toree or . nay 
ay one Perſon, 2 have a Courſe to themſelves paying the Price of Twelve. 


A ſhort but ful 1 Courſe of Aſtronomy, will alſo be perform'd by Means of the PLANETA- 
NCM, to any Number of Perſons, not leſs than Ten, at a Guinea each; or to any leſs od 
ter, who are —_ to > Pay 10 Cn; en Wen ee a Jay” 8 Notice. dF ee 


by atalogues of the Experiments may be had) on ſuch Days, an 158 1 
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| ADVERTISEMENT, 


HE RE, is is now . by Joln e Fellow of the Royal Society, a lobe Pair of Globes, 
28 Inches Diame er, fit to adorn the Libraries of the Curious. On the Terreſtrial are 
nlerted, all the Diſcoveries and Obſervations hitherto made; and on the Celeſtial are placed all 
the Stars in ire Flamfteed's Catalogue, as 'publiſh'd by Dr. Halle, Er. being Above 2000 
more than ever were inſerted upon any Globe. The iſms are deſigned, ſo as to anſwer the 
Deſeri ption of the Antients; and the Letters of Reference, made Uſe of by Bayer i in his Tables, 
are inſerted; - Alſo" Globes of 17, 12, and 9 Inches Diameter; Dr. Halley's Zodiack ; Mr. 
WViikm's Solar Syſtem, and two Pair of large miſpheres, one on the Plane of the 'Equinoc- 
tial, and the other on the Plane of the Ecliptick, containing all the Stars in Mr. Flamflerd' a 
Cxtalogue, Theſe, with all the beſt Maps of the World, and Quarters, and all the general 
Diviſions of gd no Are Sold oh * the over againſt e 8 Ar 3 


Fl refrect, 8 1 was 4 * Pa 1 . 
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234 J. Os30xN and T. Loncuax. | 


HE Philoſe hical TranfGAions From the Yer 1720 to the Year 175 abridge 
diſpoſed rn general Heads. By Mr. ReiD and Joux Gray, A.M. 71 
| In two Vol. Being a Continuation of the Abridgment publiſh'd by Low rue, 
Jones, or More. 


; 4 5 i en and Mr: Genz, being bojn by our A 
. | | „ on, and encouraged by the Aſſiſtance of many Members of the 0141 
SociETY, who have reviſed and improved their own Papers; we believe the 
ſame from our Knowledge oe the Abilities of the Compilers, to be nel 


| Ya AnzoUTunoT, M. D. F. 6. 
oBERT BARKER, M. D. F. R. S. | 
Jong 3 Prof. Aſtron. Savil. Oxon. 
Gro CamyBeit, F. R. S. — 12 
I. T. DESACcUIIERS, L L. D. F. R. 8. 
ARTIN Forxzs, V. P. R. 8. | 
Joun HavLey, V.P.R.S. 


Wav Philoſophical Works of the Hebowrable Ronzzr BoyLe, Eſq; abridged, methodiz 
ed, and diſpoſed under the general Heads of Phyſick, Staticks, Pneumaticks, Natural Hiſto- 

| TY, Chymiſtry, and Medicine. The whole illuſtrated with Notes, containing the Improve- 
ments made in the ſeveral Parts of Natural and Experimental Knowledge fince his Time. In 
three Volumes, 470. By PETER SHaw, M. D. 172 

An Introduction to Natural Philoſophy; Or, Phil ; ical Lectures read in the Univerſity of 
Oxford, Anno 1700. To which are — The Demonſtrations of Monſieur Huygens's Theo- 
rem, concerning the Centrifuga] Force and Circular Motion. By Joun KE1LL, M. D. Savi- 
lian Profeſſor of Aſtronomy, F. R. 8 The third Edition. 1733. | 

. Phyſico- Theology, or a Demonſtration of the Being and Attributes of God, from his Works 

W : of Creation. Being the Subſtance of ſixteen Sermons, preach'd at St. Mary-le-Bow Church, at 

the Honourable Mr. Boyle's Lectures in the Years 1711 and 1712, with large Notes, and mary 
curious Obſervations. By WiLLiam . e D. D. Canon of Windſor, Rector of Up 
minſter, and F. R. S. the Eighth Edition, 80. 1732. 

Aftro-Theology, or a Demonſtration of the Being and- Attributes of God, from a Survey of 
the Heavens. lluſtrated with Copper Plates. By WILLIAM Dznnan, D. D. Canon of 
Windſor, and F. R. S. the Sixth Edition, 8. 1731. | 

e 9 zous Philoſopher : Or, The Right Uſe of Contem lating the Works of the Cre 

for the — of Atheiſts and Infidels. 'Tranſlated from the Low-Dutch. 
8 CHaMBERLAIN, Eſq; F. R. S. To which is efixed, a Letter to the Tranſlator. 
By the Rev. J. T. „ te aun LL. D. F. R. 8. The Fourth * corrected, 


1 


eb 1 LL. D. Reg. Afton, 
Prof. Geom. Savil. Oxon. F. 8. | 
WILLIAM Jonss, F. R. S. | 
Temes — Prof. Aſtron. Greſh, en 


Colin Mac Lavam, F. R. 8. 
ABRAHAM DR MolvRE, F. R. 8. 
James STIRLING, F. R. 8. 
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: 43 with Cuts in three Vols. 8. 1730. | 

= . hical Converſations : Or, A New Syſtem of Phyſicks, by away of Dialogue. With | 

W _— Plates. Written in French by Father +066. "omg of the: of ſeſu. 

1 2 into Engliſh and illuſtrated with Notes, by Tromas Dale, M.D. In Vols 

_ 800. 0730: 00 

= : Philoſaphice Naturabs Princi Mathimatics. Autore oy co N wo Editio Teri 
= A o wo 

| Aulta ©& Emendata. 1726. 15 a 9 


Opticks, or a Treatiſe of the Reflections, Refractions, Inflections and Colours of Lig 
The Fourth Edition corrected, -M Sir Iaa ac Nawron, Knt, 840. 1730. Optic 
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LeQures read in the Publick Schools of the Univerſity of Cambridge, Anno Domins 
65 þ cr the late Sir Isa Ac NEZwWTox, then Lucaſian Profeſſor of —— never 
before Tranſlated into Engliſh out of the original Latin. 

A Elements of Natural Philoſophy, confirmed by Experiments; or, an Introduc- 
tion to Sir Is AAC N EWTON 's Philoſophy y ; written in Latin by WILLIAM Jams 'Grave- 
$anDz, Doctor of Laws and Philoſophy, c. Tranſlated: into Engliſh ' y J. T. Desxcy- 
11288, L L. D. F. R. 8. The Fourth Edition. 2 Vols. 89, 

An Eſſay on Perſpective. Written in French by WILLIAM James „Genz, Doc- 
tor of Laws and Philoſophy, &c. Now tranſlated into Engliſh by E. SToxs, F. R. S. 880. 1724. 
The Conſtruction and principal Uſes of Mathematical 8 Tranſlated from the 
French of M. Bio x, Chief Inſtrument- maker to the French King. To which are added, 


R Uſe of ſuch Inſtruments as are omitted by . Bron; pantcularly choſe 
'The- whole ill 


invented and improv'd by the Engliſh. By Epmu.nD. Sroxz, F. R. 8 uſtta- 


ogy + | Copper Plates, containing the Figures, &c. bode roll ag 
ments, el. 


The Method of Fluxions, both Direct and Inveoſe... The former being 2 Tranſlation from: 
the celebrated M "—_ uis De L'Hosprr au/s Auabſe da Tyfaiments Petits + oe the latter * 
E. Sronz, F. NMS. 1732. 

The Elements of Euclid ; with ſelect Theorems out of a By dhe leaned Au. 
pxzew TAcQUET- To which are added, Practical Corollaries, ſhewing — Uſes of many of 
the Propoſitions. The whole abridg'd and publiſtrd in Engliſn by n . 


Mr. Lucas's Profeſſor of the Mathematics in the Univerſity of. Cambridge, | The'Thind Edi- 


tion. See, ITE 5 r 

An Analytick Treat 00 Cont ESE And their "Vie to Forrrefotving of . dads 
minate and indeterminate Problems : Being the Poſthumous Works of the Marquis :Ds'L'Ho- 
5P1TaL, Honorary Fellow of the Academy of Royal Sciences. Made Engliſh by E. STONE, 


F. R. 8. 1723. . 
Ceometria Once Sive Deſariptio Linearum Curvarum Univer ſahs., Autor: Mac Lavzax, 


Matheſws in, & Nevo — Profſſere eg. Sec. or. 4 170. 
Diſertationes Phyfito-Mathematice, partim antea Hate in Afis Philofophicis Lindinenfibus, jam 

Auftiores & E nere, partim nume primum impreſſe-  Auttore Jx como: Jux ix, M. D. 1732. 
Pharm macht or ken & Extemporanea, or a leat Engliſh: Diſpenſatory, in four Parta 


Containing, ; of Pharmacy, and the everal Proceſſes therein: II. A Deſcrip- ; 


tion of the e Simples, 1 their Virtues and Preparations, Galenical and Chymical. 


III. The officinal Compoſitions, according to the laſt Alteration of the College: Together with . 

ſome other of: uncommon- Efficacy, taken from the moſt celebrated. Authors. XV; Extempora · 

neous Preſcriptions, diſtributed into Claſſes; ſuitable! to their Intention in Cure. To which is 

added, An Account of the Adulterations, both Simples and Compounds; ; with ſome 

Marks to degart chm. by. 'By Joux mor, M. D. The Ninth Edition, - much enlarged : 
1733. 

Statical Eſſays: 2 Mi B. D. F. R 8. Reftor of Farringdon, Hampſpire, 
and Miniſter of Teddington, Middleſex. In two Vols. 8 vu. Tbe firſt Vol. containing Ve- 
getable Staticks; or, an Account of ſome Statical Experiments on the Sap in Vegetables. | 
ken towards: Natural Hiſtory. of Vegetation: Of Uſe to thoſe, who are curious in the 

Culture and ——— Ke. Alſo a Specimen of an Attempt to Analyſe the 
Air, by great Vari of Chymio-ſtatical Experiments, which were read at ſeveral 
before the yal Society 7. The — Vol. containing Hæmaſtaticks; or an Account of ſome . 
Rc * eee Experiments, made on the Blood and Blood - Veſſels of Animals. 


Alſo an Account of ſome Experiments on Stones in the Kidneys and Bladder; with, an Enquiry 
into the Nature of thoſe anomalous Concretions. To which is added an A „ containi 
Obſervations. and. Experiments relating to ſeveral Subjects in the firſt / * The greateſt. 
_ of which were read at ſeveral Mevrings before the any ns wy „de Elea beck 

Volumes. 1 
Three Phyſico-Theological Diſcourles, concerning, I. The primitive; es and Creation-of 
the 22 The general Deluge, its Cauſes and "mA . 15 Dilſotution ef the World, 


ad future Conſlagration. Wherein are largely. diſcuſs d the Production and Uſe of Mountains ; ; 
the Original of Fountains, of formed Stones, and Sea-Fiſhes Bones and Shells found in the 


88 the. Edefts of particular Floods. nd Ioundations of the B the Eruptions. 9 
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markable ones in Jamaica and Engl 


| Leaſehold, as well on. Lives as for Years abſolute, &c. With an Enquiry into 


on. 8 v. 1730. 


nos 3 the Nature and Cauſes of Earth 


Alſo be n Ihe at An of! 15 
baden with 1 Inferences, BN Joan Rar, late 5 
low of the Royal Society. The — Edition. 80. 13 70 n 
Curſus Medicinæ ; or, A compleat Theory of Phyfick 2 In ive Parts I. The whole Dot 
. the Animal Oeconomy, II. The Nature, Difference; Cauſes and Symptoms f Dir 
eaſcs., III. The Diagnoſticks; and Prognoſticks of r IV. The Method of 
venting Diſeaſes. The Art of Healing; or the Manter cf applying cen to 
Caſes, with a preliminary Diſcourſe of the Riſe, Progreſs,” Succels,, Nature: and Fringe of- 
Medicine. Done principally from thoſe 2dmirable Inflitutions. of the learned H. Boz «i ayyy, 
Profeſſor of Faye in the Univerſity of Leyden; wag imptoy'd: from N 11 mon, emi 
nent Authors. By JoHN CRAWTORD, M. D. 80. '/ 17241 1 
Lectiones Pharmaceuticæ; or, A Courſe of 1 in harmaty, Chen al an | 
ing the whole Doctrine of that Art. By the late learbet Dru Jo wn: One Pak | 
nic ftum his original Manuſcript, with a: Preface by P. Suaw, M. D.. 11; os 
The Gentleman's Steward and Tenants of Manors inſtructed. "Containing" ratio 
nd familiar Rules and Tables for finding the Value öf Eftates of Freehold, Oo 


of the Annual Diſburſements, Precariouſneſs of the Tenure, and "Caſualties, that Eſtates in 
Fields or Houſes, or both, are charged with, or liable to; and how they are tobe acebüntel 
for in the Valuation. Whetrein the — and Abſurdities of all the common — doo of Y 
luation, and the 8 thence acctuing, ſometimes to the "Landlord and en 
che Tenant, are * exposd. The Tables a valuing Eſtates on Lives being rot ya 

is, and ca ulated ande Method of pd. down - Ty AB. Dr 
7 and Per 1 : Containing the 
Deſert Ad Jle of an Inſtrument for 1 ern the Naber of Feet — in any 
Timber - Trees dee they are cut down, {th = only. By you RICHARDS of Ex. 


' Philoſophical Experiments and Ohſervatior of the late eminent Dr. Ronrar Hookr,$/R.5 
and Geom. Prof,:Greſh; and eminent Virtaoſo's in his Te 0 Gp Pons Fol 
ed by W. Drahau, D. D. F. R. S. 8%. x OOO ts AO ON ee 

:A: Treatiſe of Algebra, in two Books: "The firſt treating of dhe Arithmetical, ads the 
cond of the Geometrical Part. By PHIL IT RON, Gent. "The Second Edition: 800. 

T he Wiſdom of God manifeſted in the Works of the Creation. In two Parts; vis; The 
Heavenly Bodies, Elements, Meteors, Foflils, Vegetables, Animals (Beaſts, Birds, Fiſhes, and | 
InſeQs) more particularly in the Body of the Earth; its Figure, Motion, and Conſiſtency in 
the admirable Structure of the Bodies of Man, and other Animals; as alſo in their Generation, 
&c With Anſwers to ſome: Cbjections. B Jenn nn the won Barke. 


21 


I Ninth Edition, 8wo. 1727. Ne iam 10 , 
- Philoſophical. bee 1400 Is N 1 4 Mie} n 
nderts, Natives, and Foreigners. Lo which ave added, Thoſe bf Francis Wi 505 * 


whole conſiſting of many curious Diſcoveries and Improvements in the Hiſtory of 
peda, Birds, Fiſhes, Inſects, Plants, Foffils, e Te: Publiſhe by” the Rev. Mr. 
Mum. 84% 1718. ; Se 10 1066954, n 20 1:51 WE 
[1 rn dview & Piſctuns, Opus poſthilmum, quod winits retenſuit & . % in- 
fem nus Author 3 in quo, multas Jp#ties, in th) mnithologid & ) Iththyologid ds deratas, her 
455 . F. an Piſcium nature "magic too mi reddit: Cum eee, "Kohibus. . 
K HAM. 8. Gore We Ys % DIOORARE 1902 1617 
Dr. Royzxr Hook's Poſthumous Works, 10 Which the preſent Dekiciency of N Philo 
I is diſcourfed of; with the Methods of tendring it more certain and benefeia) Kc. Pub- | 
d by Ricninp Wallgs, By Folio. f - 
A Natura of Engliſh. Inſects. IIluſtrated _ 1 Habered Copp Plates, curiouſy 
engraven fi the Life : Aud (for thoſe who defire it) exactly coloured by the Author, ELTA. 
ZAR ALBIN, Paisger. To which are Added, large Notes, e, C Deo bag by 
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